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PREFACE. 



The present work is, Bubstantially, an abridgment of my 
larger treatise on the same subject, published some 
years since; but I have found it necessary to entirely 
re- write the text, the improvements in mechanical mani- 
pulation which have been introduced during that period 
having rendered obsolete many of the processes described 
in the earlier treatise. 

A quantity of descriptive matter has been eliminated 
and replaced by accounts of vacuum brakes and other 
modem appHances. 

I have endeavoured throughout to give not only a 
description of the various mechanical elements, but also to 
explain the modes of practically constructingjthem, in order, 
as far as it is possible on paper, to instruct the student in 
workshop operations. 

FEANCIS OAMPIN. 

Lbbds, 1881. 
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MECHANICAL ENGINEERING. 



INTEODUCTION. 

Ibon, and the other metals used for mechanical purposes, 
not being foimd pure in a natural state, must be freed 
from some or all of the substances with which they are 
associated in their ores, to render them fit for the purposes 
of commerce. For the removal of these foreign ingre- 
dients various chemical and mechanical processes are 
employed. In the first place it is necessary to remove the 
argillaceous matrix with which many ores are contaminated. 
Some are then roasted to expel moisture, &c., and sub- 
sequently smelted in order to obtain the products in the 
metallic form. 

The process of smelting is a chemical operation, and 
consists principally, in the case of iron, in depriving the 
metallic oxide of its oxygen, which is effected by carbon 
at a high temperature, which by its superior affinity for 
oxygen reduces the ferruginous material to the metallic 
state. In the case, however, of ores consisting of metallic 
sulphides, a different process is requisite, as will be shown 
subsequently. 

After smelting the iron appears as cast ibon, and from 
this, wrought iron is obtained by further purification. 
Cast iron contains many impuritleB, cioiv&\!ek\^w -^^tv^js^'^^ 
of Bilicon, manganeae, carbon, e\i\.]^\iv\X) \^o«^««^^2^^ ^»kl- 
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Tnimim, and sometimes traces of arsenic, copper, &c. Most 
of these elements may be removed by oxidation in the 
form of slag, and in the removal of these impurities 
consists the conversion from cast to wbouoht ibon : the 
process may be conducted by exposing a large surface of 
the heated metal to the oxidizing influence of atmospheric 
air. 

From wrought iron steel is formed, by combining with 
the metal certain proportions of carbon, and in the opinion 
of some chemists, nitrogen is also associated. It cannot 
be expected that a number of foreign elements will remain 
in combination with a given metal without producing 
marked effects on its physical character ; and thus we And 
that cast is widely different in its nature from wrought 
iron. Cast iron is granular, brittle, rigid, elastic, and 
offers but little resistance to tensile force, although it well 
withstands crushing effort; on the other hand wrought 
iron is, or ot^ght to hey fibrous, tough, flexible, and offering 
great resistance to tensile force, but not so much to com- 
pression. These are the general characteristics of the two 
materials, but various specimens will exhibit the special 
qualities in very different degrees : thus we may sometimes 
see samples of bar-iron nearly as brittle as cast iron, while 
the latter can be made to possess a very superior degree of 
toughness, as has been produced in gun-metal. 

Combined with iron, phosphorus, sulphur, and silicon 
appear to be highly injurious, whereas titanium, nickel, 
and perhaps manganese, exert a contrary action. 

Steel, besides possessing in a high degree the qualities 
of wrought iron when in a soft state, admits also of being 
raised to various degrees of hardness, but when at its 
hardest is exceedingly brittle. To harden steel it is raised 
to a red heat and plunged into cold water, being moved 
about BO as to insure rapid cooling *, "butmttda e,CAiditLoiLit is 
too brittle for ordinary use, hence it Teqvnie^ ^.^to^^tol^^ \si 
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effect which it is'gradually heated, becoming the softer the 
higher the temperature to which it is raised. The proper 
point of temper is determined by the colour of the film of 
oxide formed on the surface of the metal, which colour 
depends on the thickness of such film — ^thus springs are 
tempered to a blue tint, cutting tools, straw yellow, &c., &c. 

It has been suggested that the physical difference 
between hard and soft steel is, that one holds the carbon 
as alloy, and the other in chemical combination ; but how- 
ever interesting such hypotheses may be, and doubtless 
are, the present work does not afford space for their dis- 
cussions, hence I shall confine myself to the more strictly 
practical treatment of my subject. 

Cast iron admits of being hardened by being cast in a 
mould so contrived that the edges or surfaces required to 
be hard are very rapidly cooled ; this method is useful for 
such articles as ploughshares. 

Cast steel is apt to be very porous or spongy if cast with- 
out the use of any special precautions, but by casting .under 
pressure its condition can be greatly improved, so low a 
pressure as 200 or 300 lbs. per square inch producing 
marked effects. It is curious to observe that the gases 
which occupied the cavities in the ingot, are probably 
absorbed as it were in the molecular interstices of the mass. 

I must now offer a few remarks upon the other materials 
of which I shall subsequently treat. Copper as found in 
commerce is prepared in a state of comparative purity ; 
but the processes involved in its reduction are exceedingly 
complicated, several operations in reverberatory furnaces 
being necessary to obtain the metaUic product from the 
cupric sulphide. The metal is ductile, but requires, when 
being worked, frequent annealing; it may be wrought 
under the hammer cold, but works better when eli^b^^ 
heated. 
It baa been found that tlie additioTi oi «. otv^^Sl o^xasv^o^ 

B 2 



4 MECHANICAL ENGINEERING. 

of phosphorus materially increases the strength of copper ; 
for although this element is so detrimental to iron, yet 
when it is combined with copper in the proportion of from 
two to four per cent., it imparts to that metal such hard- 
ness and tenacity, that its tensile resistance becomes about 
four-fifths that of average wrought iron. 

In mixing the phosphorus with the copper, it is necessary 
first to coat it with copper, which is done by immersing it 
in a solution of the sulphate of that metal. It is thus 
rendered secure from oxidation during the very short period 
required for its immersion in the molten metal with which 
it is to be combined. Copper when combined with about 
four per cent, of silicon, possesses the hardness of steel and 
the tenacity of wrought iron, and if this alloy could be 
manufactured on a large scale conveniently, would doubt- 
less be found applicable to a great variety of purposes. 

One of the most important aUoys of copper is brass, 
though gun-metal is probably almost as extensive in its 
applications. The strength, however, of brass is not equal 
to that of the copper and phosphorus aUoy. 

The metals tin, lead, and zinc, will also require considera- 
tion in the ensuing pages, but it is not necessary here to 
comment on them further. 

After the metals are obtained from their ores, their 
treatment by the mechanical engineer branches into two 
divisions : the casting into required forms, by pouring the 
liquid metal into suitably formed moulds, and the forging 
and pressing into shape of heated wrought metal ; after 
this the two materials again find themselves in company 
under the hands of the fitters, turners, and machine men. 

It is my object to show, as far as may be done on paper, 
how the various processes of manufacture are conducted, 
and to make clear the practice of mechanical manipulation 
-"? its various ramifications, and also to ex|^\a!m. ^"^ x^HAsmal 
principleB upon which macliinery, "but o«r^^e\»Xi^ ^\.^^t£i 
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macliinery, is designed. In pursuance of this intention, 
formulae must necessarily be introduced, but I shall in all 
cases restrict them to such simple expressions as may be 
familiar to those who have only the most elementary 
acquaintance with mathematical science, my object being 
particularly to furnish a text-book for the "practical" 
student and intelligent artisan, to whom every facility 
should be afforded for systematizing and extending his 
theoretical knowledge of his trade. 

In like manner, in order to make the work complete and 
rational, it will be necessary to consider the physical laws 
upon which depends the action of our steam and other 
thermo-motive engines, and in so doing, care will be taken 
to avoid the introduction of unnecessary technicalities, and 
in aU cases where scientific terms are unavoidable, to 
clearly explain their meanings in the ordinary language of 
tiie workshop. 

Having thus briefly indicated the various matters to the 
consideration of which the following chapters are devoted, 
I shall pass on to their detailed treatment. 



CHAPTEE I. 

METALLUKGY. 

Of the minerals containing iron, those in which there is 
more than 20 per cent, of that metal are considered ores, 
others containing less axe used as fluxes, the action of 
which will subsequently appear. The oolitic ores of 
Northamptonshire and Cleyeland afford in many instances 
33 per cent, of iron; but the iron- works of this country 
are principally supplied from the earthy carbonates of the 
coal measures. The coal-fields of North and South Wales, 
Staffordshire, Warwickshire, Shropshire, Yorkshire, and 
Scotland, contain abundant deposits of this ore. 

I will now describe the ordinary process of smelting. 
For the reduction of iron, a blast furnace of the general 
form shown in Plate I. is used, but previous to smelting 
the ore, it is sometimes necessary to calcine it, which is 
effected in a Viln of the form shown in Fig. 1. The dia- 
meter of the kiln at the top may be 9 or 10 feet, the 
height 14 or 15 feet, with a bottom width of about 3 feet. 
At the bottom is an aperture for the withdrawal of calcined 
ore, and others for draught. Where mechanical appliances 
are used to lift the ore the kilns will be made of much 
larger dimensions, and fitted with spouts from which 
the calcined ore is run into trucks or barrows. 

In firing a new kiln, a fire is lighted on its floor, and as 
soon as brisk combustion ensues other fuel is added, with 
alternate strata of ore, until the kilft iB ^ed, caie being 
taA:0j2 to work the kiln so that tTieso atraXa. ^<3>^CietA 
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CALCINING KILN. 7 

unifonnly, being exposed to a Mgher temperature at tlid 
upper part of tlie kiln, where active combuation is main- 
tained; the temperature decreaeing as tbe ore paaaes 
towards the aperture througb wMcb it is subsequently 
withdrawn. 

In some districts the ore is calcined in heaps, but this 
process is very wasteful, and the results are unsatisfactory. 
Perfect calcination results in the expulsion of volatile con- 




etituents, such as water, carbonic acid, sulphur, and 
organic matter. By this process also, any protoxide of 
iron that may be present ia converted into peroxide. 
Generally it is advisable to calcine ores of the same for- 
mation together; but if any particular sample contains 
much sulphur, it will be better to calcine it by itself 
to avoid contaminating cleaner ores. The ex^iils&&'^ ^ 
BolpbuT, when present in large qxiAn.'a'afift, \a ^asSsAaS^fe^ 
by the introductioii of a jet oi ^esso. "wiS^- ataa.a«^»^^'' 
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air, the sulpliur passing off in combination with the 
hydrogen of the steam. 

The calcined ore is next passed to the blast furnace, of 
which the general form is shown on Plate I. ; it consists of 
two truncated cones joined at their widest extremities ; 
the bottom of the furnace is called the hearth, and the 
lower part of the lower cone the boshes ; and is constructed 
of fire-brick, or of a very refractory material called fire- 
stone. Where the two cones meet is a barrel-shaped or 
cylindrical belt, forming the belly. The upper cone or 
body of the furnace is formed by an interior lining of fire- 
bricks, which is enveloped in a casing made up of broken 
scoria, or refractory sand, whereby the internal lining or 
shirt of the furnace is separated from the external coating 
of fire-bricks. The opening at the top of the furnace is 
called the throat or tunnel hole, and may be open to a 
chimney, but is more commonly closed by a bell, which 
can be opened to permit the charges of fuel, ore, and flux, 
to enter the furnace, but at other times prevents the loss of 
carbonic oxide, the inflammable gases being drawn out 
through flues, and profitably employed under boilers for 
heating the blast. 

Air is supplied to the furnace through tuyeres, or " the 
irons " terminated by nozzles through which the blast is 
forced. These tuyeres are cased, so that water may be cir- 
culated roimd them to prevent their destruction . by the 
high temperature to which they are necessarily subjected. 

The materials to feed the furnaces are usually drawn up 
an incline, or raised by a vertical hoist to the furnace top. 

The dimensions of these furnaces vary widely, according 

to the character of the materials dealt with, the height 

varying from 36 to 80 feet, or more. The Aclam furnaces 

are about 70 feet high, having a diameter of 8 feet on 

^0 Iieartb, and 22 feet 6 inches in ^^ "sr\!^"&^\. ^^3^» ^i 

^o body, and the materials employed. aveTa.^e «}ciW5.\. ^ 
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tons to each ton of pig iron produced ; the proportiona 
being ; — 

OleTdand Ircmatono 3'SO 

Limeatone 0'^^ 

Coka 1-30 

Coal "SO 

e-os 



or about 4'25 tone of raw material, esduflive of fuel. Tho 
produce of thifl furnace is 300 tons to 350 tons per week. 




Fig. a. 



The blowing machine commonly used for Bupplying the 
blast to the furnace is shown in Fig. 2 ; though in latter years 
these engines are frequently made on the horizontal type, the 
steam and blowing cylindera being laid in line, so saving 
the beam and parallel motions. That illustrated cam.'^'n9fij& 
s la^e cast-iron cylinder, acoxii&teVj \)ateA., aaA ■^-t«<^&.'*>- 
witb as air-tight piston; tihe cj\^4bt Sa ^aswft^ ^\iK«a 
B 3 
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extremities by iron covers, a stuffing-box being attached 
to the upper cover, through which the piston-rod passes ; 
the whole forming a double-acting pump driven by a beam 
engine. 

The practical working of the blast furnace is as follows : 
assuming the furnace to be newly erected, or what amounts 
to the same thing, newly lined, the masonry must not be 
too suddenly exposed to a high temperature, and the 
lighting is therefore commenced by igniting a quantity of 
loose fuel in the arch forming the breast of the fur- 
nace. 

After some days, when the furnace is sufficiently heated, 
fuel is thrown in through the throat and allowed to rise 
as far as the middle of the boshes ; when the drying is 
still further advanced the whole internal cavity is gradually 
filled up with fuel ; after which the blast is gradually 
applied, being subsequently raised to its full pressure. 
When the fuel has sufficiently sunk, a small charge of 
ore and flux is spread over it ; after which alternate 
layers of fuel, ore, and flux are added. 

The blowing machine is usually worked by steam power, 
and it may be calculated on the average that one horse- 
power is required for every three tons of metal produced 
per week. 

In one of the Welsh smelting-works it was found that 
furnaces producing 60 tons of cast iron per week consume 
on an average 3,600 cubic feet of air per minute; the 
power expended being one horse for every 2*1 tons of iron 
produced per week. 

In charcoal furnaces, i lb. per square inch is suf- 
ficient blast pressure; but for coke, a pressure of from 
H to 3^ lbs. is requisite, the average being about 2^ lbs. 
j?0r square inch. 
Some furnaces are worked wiiih. cold., o^^xsta VsJCsi \ia\. 
blaat; and to beat the blast oi a tuiuaoo ^TO^Axsim^ ^^ 
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tons per week to the temperature of 600^ Fahrenheit, about 
32 tons of coal will be consumed weekly, being a little 
more than one-half the weight of metal produced. This, 
however, is saved by heating the blast by the combustion 
of the inflammable gases drawn from the top of the blast 
furnace. 

The cast iron produced in the blast furnace is usually 
run out into troughs formed in a sand bed, from the sides 
of which smaller troughs branch off. The slag runs over 
the top of the hearth into moulds or boxes, and is carted 
off from time to time, as soon as it is solid ; and as soon as 
the hearth is full of ''metal," it is tapped into the pig 
beds. 

The cast iron thus obtained is very crude, and requires 
remelting to render it suitable for castings; if intended 
for the manufacture of wrought iron, it is sent to the 
refiners, and treated by one or other of the processes now 
to be described. 

The bulk of the foreign matters in the iron ore is dis- 
solved in the blast furnace by the limestone flux, and 
so carried away in the slag. 

According to the old method of transforming cast iron 
into wrought, it is first heated in a refining furnace, usually 
built on a mass of brickwork about nine feet square, the 
sides of the fireplace being formed of hollow cast-iron 
troughs, through which water is circulated to prevent their 
fusion. In this furnace the metal is fused and subjected 
to the action of the blast, whereby a considerable portion 
of its carbon is oxidized and removed, and also nearly the 
whole of the silicon ; the metal is then run out into flat 
moulds. 

The further purification, or puddling, is conducted in a 
reverberatory furnace, of which a longitudinal section ia 
ahown in Fig, 3. The sole ox ceutie -got^,,^, ^i *^^\xsi2c^vkRRk 
JB charged with broken metal, xuJb. ^-^^ w^^ '^^ssa. ^v^j^^n 
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the doors BJid ddes of the furnace are nov dosed and fael 
is thrown oa the grate A. When the metal begins to melt, 
a side door is opened and the charge coatinnallf stirred, 
to expose fresh surfaces to the air, until it arrirra at a 
pasty state, -when the fire is lowered. 

The metallic bath now appears to boil, from tlie erola- 
tion of carbcmio oxide, which bums on its surface with a 
blue flame. The stirring of the mass is then continued 
nntil it becomes sandy, and subsequently of a uniform 
granular appearance. The iron is now said to wtak heavily, 
and a portion of the scoria runs oS at ; after which the 




Pig. 3. 



puddled iron is formed into baUs, and the remaining slag 
expressed under a squeezer or hammer. The charge of a 
puddling furnace is &om 3} to S tons. It will be observed 
that in this furnace the metal is not brought into contact 
with the fuel. 

By the Bessem^ process, the impurities are oxidized out 

of the cast iron by forcing through it a current of air, as 

follows : the cast iron is melted and run into a converter, 

of the form ehown in Fig, 4 ; air is then forced in through 

^o small passages shown in the bottom <A "iSib ■^6m^,'&iri 

<K>mbuatioB of the impTiritieB giving Koffi-taMA VetL-t \a 
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keep tlie metal in a molten condition Tlie colonr of tta 
flame issning from ttie mouth of the vessel indicates the 
completion of the process If steel la to be made, the iron 




Pig. 4. 



in the converter is partiallf r«-^»rbonlzed, b; mnning in a 
suitable quantity of a mineral (spiegel') xich. \si, "aBaVrfsa^ 
after which the steel is cast into mgote in. woywWia -dss^^Sia.- 
Jit iios also been proposed to nse steoaa.'iB'**^-'^''- ^^^'^ 
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the couTerters, a method tried some years since by O-aly- 
Gazalat, the idea being that on ita decomposition by the 
heat, -while certain impurities passed away combined with 
the oxygen, any eulphur or phospbonu present w^ould be 
taken up by the hydrogen. 

The ordinary process for m fyTring steel is known as 
cementation. The 
wrought iron in- 
tended to be made 
into steel is drawn 
out into bars, then 
cut into suitable 
lengths and 
packed in pow- 
dered charcoal in 
cases, which are 
then placed in a 
cementing fur- 
nace, of which a 
eection is shown at 
Fig. 5, and ex- 
posed to a bright 
red heat until the 
metal has taken 



Fig. S. 




up 

quantity of carbon 
to convert it into 
steel of the re- 
quired quality. 
The bars are sub- 
sequently worked under a hammer until they become of 
uniform, or homogeneous composition. 

Jron baii conveTieA intoeteel contains one-1 dOth of carbon. 
^^ cast ateel capable <A welding oouXaiiiK C(o.&-\l^l^ "A 
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Cast steel for common purposes contains one-lOOth of 
carbon. 

Cast steel requiring greater hardness, but stiU malleable, 
contains one-90th of carbon. 

Steel bearing a few blows, but imfit for drawing, con- 
tains one-50th of carbon. 

First approach to steely-granulated fracture, contains 
one-30th to one-40th of carbon. 

White cast iron contains one-25th of carbon. 

Mottled cast iron contains one-20th of carbon. 

Super-carbonated crude iron contains one-12th of carbon. 

I will now pass to the consideration of the metallurgy of 

COFFER. 

Of the various deposits of copper, the sulphuret is the 
most common in the whole world ; and the commonest in 
England is the sulphuret of copper and iron upon which 
the extensive mines of Cornwall and Devon are principally 
worked. 

The ore is first crushed and sifted, and subsequently 
washed or jigged ; which consists in placing the ore in a 
sieve in a cistern of water, and jerking it up and down. 
By this means the portions of ore are momentarily sus- 
pended in the water, and are presently found to have 
arranged themselves with the largest pieces at the bottom 
and the smaller fragments above. When large quantities 
have to be dealt with, power-driven machinery is substi- 
tuted for the hand sieve. 

The round huddle used for cleansing copper ores is 
shown in vertical section in Fig. 6. It consists of a conical 
bed, on the centre of which a stream of water continually 
pours, where the ore is also supplied, being uniformly 
spread, by means of brushes suspended from arms carried 
by a vertical spindle. 

The sped&c gravity of the otq m ^ina «^^«t»5GQS5^ ^<^vRst- 
mines its positioii, the richest mia^x^ \>«fii^ ^^-^^ws^R^ ^ 
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ihe centre, and the deposit diminisliing in value towards 
the outer edge of the huddle, where a hroad ring of tail- 
ings or refuse matter is taken out ; the ores thus cleaned 
are ready for the smelter. 

The smelting of copper is conducted in reverheratory 
furnaces, and is a complicated process, the mineral under- 
going ten operations. 

In the firsts the ores are roasted or calcined in order to 




Fig. 6. 



volatilize such substances as sulphur, zinc, arsenic, anti- 
mony, &c. 

In the second, the calcined products ore fused with other 
minerals not previously calcined; this is called roasting for 
coarse metal. 

In the third, the remaining sulphur that could not be 
expelled by heat alone is removed by alternate exposure 
to oxidizing and reducing flames. 

In tiiefottrth, termed melting for white metal, the iron 
is eliminated as slag by combining it with silica. 

In the fifth, melting for blue metal, the calcined coarse 
metal 18 fused with roasted ores rich in copper. 
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In the sixthy the slags are remelted to cause the produc- 
tion of a '' matt," in which the copper in the various slags 
is brought together. 

In the seventh a twofold object is involved, — ^the charge 
being first oxidized* to decompose the sulphuret of iron 
into oxide of iron and sulphurous acid, the latter being 
evolved while the former combines with silica, and is 
carried off as a fusible slag. The whole mass is then 
melted. 

In the eighth, roasting for reg^us, oxidation first occurs, 
but as the fusion proceeds, the oxide of copper reacts upon 
the sulphuret; sulphurous add is evolved and metallic 
copper or a sulphuret of copper produced. The products 
are three, all of which have to be reworked: a reg^us 
containing about 21 per cent, of copper ; a slag contain- 
ing about 10 per cent. ; and bottoms or alloys with other 
metals. 

In the ninthy regulus is roasted and fused for crude 
metal; and — 

In the tenth, it is refined and toughened. After fusion 
the scoria is taken off the surface of the metal, and a few 
shoveKuls of anthracite or wood-charcoal in powder are 
thrown on the surface of the charge; after which it is 
stirred with a pole of green wood for about twenty 
minutes, after which it has attained the condition of fine 
metal. 

This brief summary contains the substance of the ordi- 
nary process of copper smelting. 

The most common ores of zing are the carbonate, 
sulphuret, and silicate. The ores are first roasted 
or calcined and the zinc is subsequently distilled from 
them in retorts, the forms of which vary in different 
districts. 

The TIN" of commerce is obtained ironi \\ift T^a^c^^ ^-xAs^ 
of thatme^; some of the ores, lio^evet, x^c^jxa^ ^^iax^- 
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ful cleansing previous to undergoing the smelting opera- 
tion. By the first process, the ores are mixed with a 
proper amount of powdered carbonaceous matter, and 
reduced in a reverberatory furnace. By the second process, 
the oxide is reduced in a small blast furnace worked in the 
usual way. 

Lead is obtained from its sulphuret, galena; which 
after mechanical cleansing is roasted in a reverberatory 
furnace, which by oxidation converts it into oxide and 
sulphate of lead, which, reacting on each other, cause the 
production of metallic lead. This often contains sufficient 
silver to render its extraction a matter of commercial 
importance. 

From the foregoing descriptions it is obvious that the 
reverberatory furnace admits of greater range of chemical 
reactions than can be obtained in the blast furnace. I will 
now review the chemical operations occurring in the two 
furnaces. 

Blast fubnace. — ^The first chemical change which the 
impure oxide undergoes in its passage from the top to the 
bottom of the furnace is its reduction to a porous mass of 
metallic iron, by the carbonic oxide gas rising from the. 
lower layers of burning coal. The temperature of this part 
of the furnace is much too low to melt the iron, and ilk 
therefore sinks down unchanged with the clay and lime-< 
stone fiuxes until a hotter place is reached. Here the 
second change occurs ; the clay, sand, and other impurities 
of the ore unite with the limestone to form a fusible silicate 
or slag, whilst the heated metal coming in contact with the 
carbon, unites at once with it to form cast iron, a fusible 
compound which runs down to the bottom of the furnace. 
This, in passing through the hottest part of the furnace, 
reduces the silica with which it meets to silicon, which 
coznbmea with the carburetted iron. 

-KsVEMBJSICATOJEiY FUENACE. T Vil^ tuinCLCi^ TEL^"^ \i^ \Jl^<5^ 



REVERBERATORT FURNACE. 19 

simply for fuBion, for the fuel is not in contact with tho 
materials treated, hence it may act by heat alone. Oxi- 
dation may be caused by admitting air to the sole of the 
furnace, where the materials are operated upon ; and 
deoxidation by closing that part of the furnace, and so 
limiting the supply of air to the grate or fire-place that 
carbonic oxide is brought into contact with the highly 
heated charge. 



THE FORGE. 

The wrguglLt iron leaving the puddling furnace is ready 
for manipulation in the forge. First it is put under heavy 
hammers, generally steam hammers, by the blo'ws of 
which it is consolidated, the slag being squeezed out in 
fiery showers, 
and the 
" bloom" 
drawn out into 
a form which 
may be dealt 
with by other 
machinery. 

A diagram 
of a steam 
hammer in 
section ia 
shown at Fig. 



piston in a cy- 
linder h; to 
the piston a ia 
attached the 
piston rod c, 
to the dnd of 
■w\iiih.»ke7ed 
the anvil, fixmls'beAioian. a.wJ^ 
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foundation ; / is the bloom to be hammered, which is 
stuck to a rod gy temporarily, by which the f orgeman can 
turn it about under the hammer. The steam being 
admitted imder a the piston rises, lifting the head d^ 
which falls on the steam being allowed to escape from 
under a ; and its fall may be accelerated, and so the blow 
intensified, by admitting steam abwe the piston a, simul- 
taneously with the escape of steam from below. For 
details and arrangements for admitting and emitting 
steam, &c., the reader is referred to subsequent chapters 
on the *' Details of Steam-engines." These hammers admit 
of being regulated to the greatest nicety of blow, notwith- 
standing the immense force ex- 
hibited, and with one a bottle 
may be safely corked, or a nut 
cracked without breaking the 
kernel. 

From the steam hanmier the 
metal passes to one or other IZ 
machine, according to the pur- 
pose to which it is to be 
applied ; if to be made into p. g 

plates or bars, it is carried to 

the roUing mills, through which it is drawn by the 
revolution of the rollers. Fig. 8 shows one form of 
bar mill. It will be observed in this arrangement 
that a bar having passed once through, must be carried 
back to the front to pass through the next smaller 
groove; now by using three rollers, the bar can go 
through between the top and middle rollers, and come 
back between the middle and bottom rollers, and so time 
is saved and the iron passes oftener without requiring 
to be reheated. These mills are made so that the rollers 
can be removed and changei at ^<e>asva^\ '^'s^ «s^^ 
geared with heavy toothed ox sput -^^^^^ ^3^^ $yf\:i^'^^^ 
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suitable steam or water power. The plate mill roUs are, of 
course, plane cylinders. 

During the last 10 or 15 years the increased employment 
of hydraulic machinery in forges has made a marked 
difference in processes of manufacture, and I may say that 
whatever can be pressed in wrought iron is pressed, and 
the work is usually better and more expeditiously executed 
than by the hammering processes. 

The hydrostatic press, or ''hydraulic" as it is commonly 
called in the yard, is shown in vertical section at Fig. 9. 
A is a cylindrical plunger, the " ram ; " B B the two sides 

(in section) of the cylinder, of 
which is the interior. "Water 
is forced into C through a small 
pipe dy and the ram is kept 
water-tight by the leather collar 
e, supported on a copper ring. 
This collar being hollow, the 
water im.der pressure flows into 
it, forcing it on one side against 
the ram and on the other against 
the inside of the cylinder, and 
so preventing loss of water and 
pressure. In some hydraulics, 
hemp packing has been found to act perfectly. An idea 
of the pressure obtained from a press of this description 
is afforded by the following calculation. Let the ram 
be 6 inches in diameter, then its area wiU be 6x6x 
•7854 = 28-274 square inches ; the supply pump being 
1 inch diameter and pressed with a force of 1,000 lbs. 
(either by hand lever or by steam power), the pressure per 

square inch is ^ = 1,276 lbs. per square inch (nearly). 

TIu's, multiplied by the area of tke xam, ^-^i^^ ioT the total 
preaaure on the latter, 28-2i74 x 1^1^ — ^^,^'^'1'^^m ^^ 




Fig. 9. 
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upwards of 16 tons. A good example of the use of 
" hydraulics " is found in the forging of railway wheels. 
In making solid tyres of iron or steel (that is weldless), 
the bloom is first worked under the hammer into a cheese 
shape, it is then punched, and is then in the form of a very 
thick ring. This ring is now put in a mangle of two rol- 
lers on vertical shafts, one roller is insitle and the other 
atUside the ring ; these rollers, properly shaped to form the 
inside and outside of the tyro, are pressed together by 
" hydraulics," and as they revolve the ring between them 
becomes thinner and of greater diameter until that required 
is reached. Of course the tyres are pressed hot. By 
hydraulic pressure also bars are bent up to form the 
spokes, and the wheels when complete are pressed on to 
the axles. In hydraulic presses also are shaped angle and 
tee iron knees ; flat plates are dished or buckled to form 
floor plates for bridges ; railway waggon hooks and number- 
less other articles are pressed into the required forms. 

The soundest and best railway axles are made of V- 
shaped bars, piled together so as to form a cylinder, and 
then welded in rolls at a white heat ; the wedge-like 
action occurring secures a sound weld which cannot always 
be relied on when square bars are piled for welding. The 
question of heavy welds has always been a troublesome 
one, the difficulty being to know whether the weld is sound 
when made. 

About three years since, a method of testing the solid 
continuity of iron was discovered and experimented on by 
Mr. S. M. Saxby, K.N. When a small magnetic needle is 
passed slowly in front of a bar of homogeneous iron laid 
east and west, the needle will not be disturbed. If, how- 
ever, the iron is not uniform, or has flaws in it, its effect 
on the magnetic needle varies, and instead of the attrac- 
tions balancing each other, they ^aiy -wvSia.HJjia ^Q\>kS^3^<:s^^ 
the iron, and varying deftectiou^ oi ^^^ xift^^'^ c^^xst^ *«^ 
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right or left as the case may be, but any such deflection 
indicates a defect in the iron tested. 

By this method Mr. Saxby indicated the weakest points 
in a number of bars, and on those bars being subsequently 
broken in the testing machine, the predictions of the 
needle were in every case verified. I do not know that 
this process of testing has come into general use in any 
locality at present, but it certainly deserves to be widely 
known, as it is so simple and ready of application, a pocket 
compass being all that is needed for the most searching 
investigation. 

From the heavier work of the forge, we pass to the 
smaller operations of the smith's shop. Here, instead of 
dealing with the blooms from the ball furnaces, and the 
ingots from the Bessemer converter, smaller articles are 
made from bars, plates, and " uses," the work being done 
almost entirely by hand, though a light steam or pneu- 
matic hammer is a valuable adjunct to the smith's shop. 

The iron to be worked up is heated on an open fire of 
small dimensions, the heat requisite being maintained 
either by bellows worked by hand, or by a fan or blower 
when a large number of fires are going at once. 

Coal of a suitable character must be selected for the 
fires ; the best for the purpose is a strong, dense, dur- 
able coal, possessing a good body, and duU and dirty 
in appearance. Bright, easily broken coal is not good for 
this purpose, and such matters as tend to combine with 
the iron and form clinkers are very deleterious ; sulphur 
especially being an element to be avoided in forge 
fuel. 

The forge fire-place is made about 8 or 9 feet square, of 
brick. The tue iron supplying the blast is at the back 
oi the fire ; the whole being surmounted by a hood and 
chimney to carry oS the smoke and keated air. 
Tlie iron is Tvorted upon a stout maaa oi ycotjl q»Sl^^ «:si 
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anvil, shown in Pig. 10. It rests on a large block of wood 
which raises it to a convenient height, and at the same 
time deadens the vibrations arising from the blows upon 
it. The metal to be 
shaped is beaten by 
sledge or hand hanmiers 
of suitable weight accord- 
ing to the size of the 
work, dies or swages 
being used where requi- 
site to produce any par- 
ticularform. The bottom 
swage is, by means of a 
tail, fitted to an aperture 
in the anvil, the iron to be 

wrought is placed on it, and the top swage being put 
upon the iron, is struck by the hanmier, and so on until 
the " use " is brought to the required form. The upper 
swage is held by a light 

H 




Fig. 10. 
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hazel rod, which pre- 
vents the shock of the 
hammer from producing 
any strain upon the 
hand of the operator. 
Some swages, a swage 
block, and a sledge and 
hand hammer, are 
shown at Fig. 11. 

When iron is being 
welded a fiux must be 
used to prevent the 
oxidation of the surfaces to be united; for this purpose 
fine white sand and common salt may be used. Tke 
iron 18 heated and dipped in. tTi^ ftxicx.^ wA T^''^^<^^^sv 
the £re until it has attained a Vku^t^ \l^^\.. "^V^ ^^i3. V^^^ 



Fig. 11. 
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then fused over the surface and dissolved any oxide of 
iron that may have formed ; the two surfaces to be joined 
are then laid together and struck continuously, working 
from the centre towards the edges so as to expel the flux 
and insure a perfect union of the metal. 

Lnprovements in machinery and new inventions have 
entirely revolutionized the old system of smithing: for 
instance, bolts, nuts, and rivets, that used to be made by 
hand, are now turned out in great quantities by machines 
specially made for the purpose ; and the dosing up of the 
rivet-heads is also done by machinery, on all work executed 
in the yard, except irreguleu: parts and details of unusual 
cheuracter. Of course in the erection of girders and other 
similar work, hand riveting must still be ahnost entirely 
relied upon. 

Probably a chain requires more careful examination for 
flaws than any other piece of work turned out from a 
forge, as it necessarily depends throughout, for its strength, 
upon the soundness of the welds in the links. A few 
years back a chain made of the best quality of iron and 
tested at a proving works, before use (in a hoist) broke at 
a much lower strain than that to which it was tested, and 
this breakage is thus to be accoimted for. There was in 
one link a defective weld, and so long as the link adjoining 
did not touch at that weld, the faulty link was strong 
enough to hold the load, acting only as a hook, but by some 
working of the chain the bearing of the link next to the 
faulty one came upon the defective weld, which then 
opened, letting the chain asunder. In this case luckily only 
material damage ensued. 

The link that broke did not snap through brittleness, 
for haK of it was afterwards hammered out straight, cold, 
without cracking, so that no doubt remained as to the 
nature of the breakage. 
The loBBon to be learnt from ftna ia, «l^^i^ Vi \fe^\. ^ 
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chain by fire as well as by the load test of the proof-house. 
The chain should be passed through a smith's fire and 
examined link by link, being made red hot and then 
quenched by water, when a faulty weld or **shut" will 
almost invariably show itself. The magnetic test cannot, 
for obrious reasons, be applied in this case, the work not 
being in the form of a continuous beu:. 

Smith's work is probably the least suitable for descrip- 
tion on paper, but I have here endeavoured to give as 
clear an idea of the leading processes as the nature of the 
manipulation will admit ; the facility of working can only 
be acquired by the actual use of the tools. 

The forging of copper is a special trade exercised by 
coppersmiths, and therefore cannot be regarded as forming 
properly a branch of mechanical engineering. I will here 
only remark that it is worked at a much lower temperature 
than iron, and if worked cold requires frequent annealing. 
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CHAPTER m. 
THE FOUNDRY. 

A GEEAT variety of work is executed in cast iron, the 
details being made by pouring the metal when in a molten 
state into moulds suitably formed to receive it. These 
moulds are made in green sand, baked sand, and loam, 
according to the nature of the work in hand ; and in some 
cases the mould is partially of iron, where the casting is to 
be ** chilled," in order to produce extreme hardness. 

The general process of casting is as follows : — ^Two boxes 
without either top or bottom, called flasks, are so made 
that one will fit to the top of the other, being kept in 
position by pins attached to its sides, which fit into corre- 
sponding holes in the lower flask. The bottom box being 
set on the foundry floor is filled with sand, and the model 
or pattern of the object to be cast is partially imbedded in 
it. Say this is a baU, it will be half its depth in the sand, 
which is to be smoothed off level with the top of the box ; 
the whole is then dusted over with coal dust or charcoal 
(to prevent the adhesion of the sand to be added above), 
and the top box adjusted by the pins to the bottom one. 
Sand is now filled in on the top of the pattern, but two 
tapered pegs are put in resting on the pattern, so as to 
form channels ; one (the lower) will be that through which 
the liquid metal will subsequently be poured in, the other 
being for the escape of air as the mould fills. The sand 
being properly rammed, the upper box ia lifted off with its 
contained sand, and forms the uppex "hfili oi ^^ Tassv3i\\ 
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the pattern is then lightly tapped to loosen it and is with- 
drawn from the bottom box; the tapered pegs are also 
removed, leaving the passages or ''gits" open; the top 
box being now replaced on the lower, fitting by the pins 
and held down by pegps passing through them, the mould 
is ready for use. The molten metal must be poured into 
the git opening into the lower part of the mould until 
it runs out of the upper git, thus showing that the 
mould is full ; scales and impurities will also rise to the 
top and escape by the git if it is sufficiently high, and 
this should be made so as to give a ''head" of metal of 
weight enough to press that below it into a uniformly 
solid mass free from air holes and honeycomb. 

The casting will of course shrink as it cools, hence allow- 
ance must be made for this contraction by making the 
model larger than the required casting; the requisite 
quantity is one-tenth of an inch per foot for iron (a casting 
5 feet long would require a pattern 5 feet i inch long), 
and one-eighth of an inch per foot for brass, in every 
direction. 

The example I have taken above is chosen for its sim- 
plicity, but more often the preparation of a mould is a 
complicated piece of work, requiring no small degree of 
skill on the part of the moulder, in mending and trimming 
the mould after the pattern is removed, which he does by 
means of special tools that require to be handled with care 
and delicacy, reminding the observer in some degree of 
the work of the sculptor. 

The drawing of a piece pf work being furnished, let us 
follow it to the pattern-maker's shop. Pattern or model 
making is a trade by itself, and must not be confounded 
with carpenter's or joiner's work. The pattern-maker uses 
a rule properly gradtuited, to allow for the contraction of 
the ca&imgB, bo it is important, in otdet XiO -^Tes^xiJ^ Tsik&- 
takea, that all dimensions be figurei on tTie drt-a-uoiug^ ^tf:>*^o»^ 
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he reads these dimensions and sets them gS. on his material 
with the proper rule — which, however, will not do to 
measure on the drawing with ; and if two rules are about 
the bench, one for the drawing, the other for the work, it 
is very easy to mistake one for the other. 

When a pattern is made all the internal angles must be 
filled up and rounded off neatly with a composition which 
may be made of wax and burgimdy pitch, for if these re- 
entering angles be left the casting wiU be Hkely to crack 
at those places ; in the cooling of the casting such angles 
will have a tendency to shrink stiLl farther in, thus form- 
ing, as it were, so many notches in the object, through 
any of which it may be snapped by comparatively small 
force. 

In large patterns instead of the composition, which is 
sufficient for smaller work, the comers must be filled in 
with suitable fillets of wood neatly hollowed out, so as to 
leave rounded internal angles. 

The pattern-maker must bear carefully in mind that the 
pattern must be so made as to come easily out of the sand, 
so in some cases it may be necessary to make it in pieces 
in order that it may be taken out in parts ; thus, if the 
pattern has projections on the ends neeu: the bottom, foi: 
instance, by first taking out the middle the ends can be 
brought together, and the projections thus cleared from the 
mould. Holes through, and cavities in castings are formed 
by inserting ** cores " in the mould, such cores being held 
at one or both ends in recesses in the mould, made by pro- 
jecting pieces called "core prints," or shortly "prints," on 
the pattern. 

Suppose the poppet-head of a lathe is to be cast. It is 

of the form shown in Fig. 12, consisting of ahoUow 

cylinder supported on a stand, having an opening in the 

centre of its base for a bolt to aecxMce \\. m ^si-^ T^<\jnred 

posiidon. There ia also an opeBing in \ii.e c^^Mi^cc^^isiL^gajet 
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for a set screw. The form of the pattern when made is 
that shown at Fig. 13. 

The detailed process of moulding is as follows : — ^Two flanks 
being at hand, one furnished with pins and the other with 
earis or lugs having holes in them to receive the pins, the 
latter is taken and placed lugs downward upon a smooth 
slab, and filled with moulding sand which is firmly rammed 
down. The flask may then be inverted, the sand being 
retained in the frame by its cohesion and adhesion to the 
sides of the flask ; but when the latter is large it is for 
greater security furnished with transverse bars. After the 
frame has been inverted the upper surface presents a 
smooth and level surface, and in the centre of this is 
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Fig. 13. 



scooped a hollow resembling the form of the article to be 
cast. In this the pattern is bedded in a horizontal posi- 
tion, being sunk In the sand to, as nearly as possible, 
half its thickness ; powdered charcoal or coal dust is now 
sprinkled over its whole surface, and the upper flask 
adjusted in position, it is then filled up with sand which 
is firmly rammed aroimd the pattern. The flasks can now 
be separated, the adhesion of the sand in the two boxes 
being prevented by the layer of coal dust above mentioned. 
The impression formed in the sand of the upper flask is 
smoothed and repaired where necessary by suitable trowels. 
The sand placed in the first fram^ \b iia^\st^'sa. ^s;^^*^s!^ 
ireaae wbicb served as the top ol \Sie ^^sj^Sa ^^J^3b*ift^^^^>^^ 
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the cavity ^ppermosty the pattern is placed in the cavity, 
the empty frame fitted on, and the whole fitted up as 
before ; but pegs are put in to form the gits in the top 
flask. The flask is again opened, the pattern removed, 
and the cores placed in position; the two parts of the 
flask are again closed, after seeing that the mould is per- 
fect, and secured by pins or wedges, and the casting may 
then be made. 

The cores are made of tough loam mixed with straw or 
other fibrous material and properly dried in an oven. 
When the cores are very long they are supported by iron 
bars running through the centre ; and in some cases — as, 
for instance, water-pipes — the cores are intermediately 
supported by very broad-headed nails resting on the 
bottom of the mould; such nails are enclosed and remain 
in the metal of the casting. 

When the casting is suflB.ciently cool the mould is broken 
up and the superfluous metal knocked off, and when the 
casting is quite cool the false seams formed at the junctions 
of the mould are chipped off, the cores cleared out, and 
the hard sandy coating rubbed smooth with a hard piece 
of oven coke. 

Ample space for egress of gases must be allowed, where- 
fore it is desirable to pierce the sand to within a small 
distance of the cavity with a stiff wire, and also to form a 
su£B.cient number of gits. The sand should be of open 
texture, but of a binding character, otherwise the casting 
will be apt to ''scab;" that is to say, there will be a 
liability in the sand to scale off the surface of the mould, 
and remain on that of the casting. K sufficient egress be 
not allowed for the air, blow-holes will occur within a 
short distance of the surface of the casting, materially 
reducing its strength. 

Jh order to consolidate the casting and allow space for 
&// the scale to £oat to the top a good "head dcLOxiXii "V^^ ^^^.^. 
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on ; that is, the gits should rise considerably above the 
top of the casting, and all long artideSy such as columns, 
should be cast vertically. 

If the sand is used too damp, hard placed will occur in 
the castings, which will add to the difficulty of subsequently 
turning or planing the work. 

The above process is moulding and casting in green 
sand. I now come to baked sand moulding, which is con- 
ducted in a similar manner, but the sand is used in a 
more moist condition, the mould being subsequently dried 
in an oven. 

If any surface of the casting is to be '' chilled," an iron 
side is then inserted in the mould ; and if the casting be 
large this may be made boUow for the circulation of 
water. 

Moulding in loam is altogether different from the fore- 
going processes, no pattern being used at all in this 
method. I will take for an example the moulding of a 
hemispherical pot. 

A cast-iron ring is laid down on the foundry floor, and 
upon this a brick dome roughly approaching the internal 
form of the pot is erected, an aperture, however, being left 
at the upper part. A quantity of loam formed of day, 
water, sand, and cow-hair, after having been reduced to a 
paste, and thoroughly kneaded in a pug-tub, is laid on the 
brick dome with trowels and smoothed with the hand. A 
fire is then lighted within the dome by means of apertures 
left on the cast-iron ring. 

A stratum of fine loam is put over the first layer and 
formed to the exact contour of the interior of the vessel by 
means of a scraper of suitable form, attached to a vertical 
spindle passing through the centre of the dome, and sup- 
ported in bearings at the top and bottom so that it can be 
caused to revolve truly on its centre. TJhft T^c^sca^^aTo^ 
having been obtained, the acrapet \a totdlon^ «sA *^^ 

c 3 
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mould allowed to dry ; after which it is thickly painted 
over with a mixture of water, clay, and charcoal, applied 
with a brush ; another layer of fine loam is then applied, 
equal to the thickness of the required a,rticle, and to it is 
imparted the exact form of the exterior of the article, also 
by means of a scraper. The whole is then again dried, 
the spindle being removed and the hole at the top of the 
dome closed up. The mould is again painted as before. 

Another ring is now laid down around the former and 
adjusted to it by steady pins ; the mould is then covered 
with a layer of fine loam, followed by a thicker layer of 
coarse loam, and surrounded by brickwork. 

We shall now have an interior dome and an exterior 
shell, containing between them a quantity of loam cor- 
responding to the thickness of metal in the required 
vessel. 

The outer shell is removed by lifting the outer ring by 
means of cranes, the paint coating of charcoal-paste pre- 
venting its adhesion to the substratum. It is repaired 
where necessary with trowels, as is also the surface of the 
interior dome after the intermediate layer has been broken 
away. Gfits are prepared in the outer shell, which is 
replaced, and the metal is cast. As soon as the casting 
has become sufficiently cool the brickwork of the interior 
dome is loosened in order to allow of the free contraction 
of the casting. 

All moulds having the form of solids of revolution can 
be thus produced by scrapers, but other forms must be ob- 
tained by the aid of templates and cores. 

It is usually said that pieces can be burnt on to eastings, 

but although this is practised it is not reliable. The 

casting on which the piece is to be burnt is heated nearly 

to its melting point, and then placed in the mould of the 

piece to he added, which is cast on*, "Wt «ka «k. t^oI^, either 

the additional piece does not hold, ox tli*^ oxv^ovsiX ^^%^k£k^ 
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cracks in cooling, so either way it is a process to be 
avoided. 

Careless moxdding and casting naturally lead to defective 
work, spongy castings, cores out of place, &c., &c., and 
unfortunately in some of the foundries of lower standing 
(for we cannot believe that any honest man would permit 
such a course), the defects are hidden from view by a 
fraudxdent filling up of blow-holes and painting over the 
surfaces; and it seems astounding that this practice has 
become sufficiently common for there to be a well-known 
if not recognised name for the trashy composition used 
thus to deceive the purchaser, that name being *^heau 
tnanteaguej^* of which so much has been recently heard in 
connection with the failure of the Tay Bridge, which fell at 
the end of 1879 with such disastrous loss of life and pro- 
perty. 

If patterns are intended to be kept in stock for future 
use they should be carefully painted or varnished, and this 
will prevent their becoming warped by contact with the 
damp sand of the moulds. 

Toothed wheels are now cast with only a partial pattern, 
such pattern being made to include three or four teeth 
only ; then, by means of a suitable machine, the teeth all 
round the periphery of the wheel are consecutively 
moulded upon this segment. By this method a very accu- 
rate mould is obtained, with also a considerable saving of 
time. 

The mould being properly prepared, we now proceed to 
the process of OASTiKa. 

Iron, as it comes from the blast furnace, is too crude to 
produce good castings, and requires remelting, in order to 
render it finer ; and up to a certain point, dependent upon 
the quality of the metal, each melting improves it. For 
lar^ castmga the iron should "be TndL\fi&. m ^ T^^^-^^sw&RstT^ 
furnace ; for smaller work, a small TsItA oi \J^3W8^ Vocc^^tfi^ak' 
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called a cupola, is used. This consists of a low brickwork 
foundation^ upon which a sheet-iron cylinder is placed 
vertically, this is lined with refractory material, and sur- 
mounted by a low chimney or conical hood ; holes are 
formed in the side through which the blast is admitted, 
and others to allow the molten metal to be drawn off. The 
blast should consist of a full volume of air at moderate 
pressure, 4-inch diameter nozzles being a convenient 
size. The fuel and metal are supplied in alternate layers, 
and the metal as it melts accumulates in the bottom of the 
furnace, whence it is drawn as required. The charges are 
in the proportion of 1 of coke to 4 of iron, and the latter 
begins to melt about twenty minutes after its introduction 
to the furnace. 

For large and heavy castings the moulds are sunk in the 
foundry floor, and the metal run into them from the cupolas 
or reverberatoiy furnace along channels in the sand of the 
floor. For smaller castings the metal is carried in ladles 
lined with refractory clay. These ladles are called shanks, 
and are especially made, having cross handles to facilitate 
their being tipped ; the larger ones are moved by means of 
cranes. 

The best castings show when broken a dull grey, granu- 
lar fracture; but in each locality experience alone wiU 
show how to obtain the most satisfactory work, and it wiU 
commonly be found that mixtures of different irons are 
preferable to iron of one description. Good iron will stand 
the following test : — ^A bar 3 feet 6 inches long, 2 inches 
deep, and 1 inch wide, being placed on supports 3 feet 
apart, and loaded in the centre, should not break with a 
less weight than 26 cwt. I have known samples of iron to 
stand upwards of 32 cwt. ; but this quality is not usually in 
the market. 

JBveTjr casting requires more metal than is necessary to 
£11 the mould, the excess going to ioxm. \lq^/^ q^\ i'eiS^'^ 
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seams, ftc., and besides this, there is an actual loss of 
about 6 per cent, of the metal, so that after deducting all 
losses, each htmdredweight of coke melts about 3 cwt. of 
iron, as weighed in finished castings. 

The following are the dimensions of an arerage-sized 
cupola, capable of melting five tons of metal at one time. 
Height, 9 feet; external diameter, 5 feet; internal diameter, 
8 feet 6 indies ; diameter of nozzles, from 3 to 5 inches ; 
speed of fan, 700 revolutions per minute, which will absorb 
a power of three horses. 



CHAPTER IV. 

MACJHINE AND HAND TOOLS. 

In the present chapter I purpose describing the Tarions 
tools used in the working of metal and other materials, 
with which the mechanical engineer is concerned. 

Files have forms too well known to require any detailed 
description in these pages. The teeth are produced by 
making a series of cuts with a chisel along the whole 
length of the file, and dividing the ridges thus raised into 
teetibi by other cuts crossing them at an angle, after which 
the tool is hardened and tempered. After hardening by 
plunging when red hot into water, the file is tempered by 
dipping in oil and holding over a fire till the oil bums off. 
In cutting square and fiat files, it is usual to leave one side 
smooth, so that it can rest against the work without injur- 
ing it, forming thus what is called a safe edge. A file cut 
only in one direction is called a fioat, and a rasp has 
numerous isolated points raised on its surface. The varieties 
of files are almost endless, depending as they do upon the 
nature of the work for which they are required, but only a 
few of these are necessary for the work which we have to 
do. These are divided into three classes : taper, hand, and 
parallel. The first taper to a point, the second have the 
sides nearly parallel, and the third quite parallel ; they are 
also distinguished according to the fineness of their teeth, 
as rough, bastard, second-cut, smooth and dead-smooth. 
Taper £lea vary in length from 4 to ^4 mchsa, are tect- 
ojigular in seetion, and rounded m m^Si^ «s^^ ^Joi^feaK^^. 
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Hand files are more parallel in width *and less taper in 
thickness than the f oregoing, and are commonly used for 
flat surfaces where more accuracy is required than can be 
obtained with taper files. 

Cotter files are used for filing grooves for cotters, keys, 
and wedges, they are narrower than hand files and nearly 
flat on their sides and edges. Pillar files are similar to 
hand files, but much smaller, varying from 3 to 10 inches 
in length ; they are usually formed with one safe edge. 

Half -round files are circular on one side and flat on the, 
other ; these and round files, which are usually taper, vary 
from 2 to 18 inches in length. Square files, ranging be- 
tween the same lengths, are usually taper, with one or two 
safe edges. Crossing files are circular (segmental) on both 
sides. Triangular, or three-square files, are made from 2 
to. 16 inches in length ; they are used for internal angles, 
clearing out square comers, and for sharpening saws. 

After being used some time, files without being actually 
worn out become duU, the same as other tools become 
blunt, and require sharpening ; to do this, the files must 
first be cleaned thoroughly, and then dipped in a solution 
of 1 part nitric acid, 3 parts sulphuric add, and 7 parts 
water; the time of immersion will be according to the 
extent the file has been worn, and the fineness of the teeth. 
On removal from the mixture, dip in milk of lime (lime 
stirred into water to the consistency of cream), dry at a 
gentle heat, rinse with equal parts of olive oil and turpen- 
tine, and brush over with powdered coke. 

OurnNG TOOLS for general use are invariably made of 
steel, but some special cutters are made of wrought iron, 
and case-hardened on the cutting edges. I shall first dis- 
pose of this latter class, among which are conspicuous 
rotary cutters, or discs carrying a number of cutting edges 
on their faces or periphery. Tke cvk\toc \& ^cc%\. Nko:^^^ vssSi. 
otberwiae shaped to the requirodL ioxm.. CiKsar^a^sss^s^c^^ 
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consists in converting the surface of the metal for a certain 
depth into steel, which part then admits of being hardened 
and tempered in the usual way. Procure a quantity of old 
leather (such as boots), and heat this in a covered pan of 
sheet-iron until it becomes charred and crimibles into powder 
upon attrition ; having rubbed the carbonised leather into 
powder, place it in a sheet-iron box, and imbed the objects 
to be case-hardened in it, taking care that they are 
thoroughly surrounded by the closely packed powder. 
Make the lid of the box air-tight by a luting of day, then 
place the whole in a coke fire, and keep at a red heat for 
two or more hours, according to the depth to which it is 
desired to convert the iron into steel. On removal, plunge 
the axtides into salt water to harden ; then if tempering be 
required, polish and reheat in a sand bath until the proper 
temper, indicated by the superficial colour, is reached. 

The burnt leather may be replaced by other materials, 
for instance, 3 parts prussiate of potash to 1 sal ammoniac; 
2 parts sal ammoniac, 2 bone dust, and 1 prussiate of 
potash ; bones, urine, and night-soil are also used for this 
purpose. 

A simple method of case-hardening when only just the 
surface is to be converted, is to sprinkle powdered prussiate 
of potash over the metal at a bright red heat, and then 
plunge into water, but it is very improbable that the coating 
of steel thus produced is even continuous. 

Having touched upon the subject of hardening and 
tempering, it will be as well to treat the subject before 
proceeding further. 

Habdening is performed by dipping a steel article at a 

red heat into some cooling mediimi, as water, which should 

contain salt, and in which the article is to be moved rapidly 

about to prevent a film of vapour from adhering to its sur- 

face, and BO retarding the cooling infiuence of the water, 

■for to the rapidity of cooling is due tiie Taai3G[ie>^a oi >CtL^ 
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body operated on. The metal will now be quite bard and 
too brittle for use, and must be subjected to the process of 
TEMFEBiNG, which oousists in re-heating to a certain degree 
according to the softness required; this is done after 
brightening up the surface by placing the article over a 
fire, or on a hot mass of iron, until the film of oxide formed 
on the bright part shows a certain tint. Or oil, or other 
matter burning at a known temperature, may be placed on 
the article and burned ofi. With ordinary tools only the 
ends are first plunged in the water, then rubbed with stone, 
and the heat descending from the metal behind tempers 
them; as soon as the proper tint is observed the whole 
must be quenched in water. The following are the surface 
tints and temperatures proper for yarious articles, the tem* 
peratures being Fahrenheit. Pale straw 430°, for lancets, 
&c. ; dark yellow 470**, for razors, penknives, &c. ; clay 
yellow 490°, for chisels and shears ; brown yellow 500°, for 
adzes and plane-irons; very pale purple 520°, for table- 
knives ; light purple 530°, for swords and watch-springs ; 
dark blue 570°, for small fine saws ; blue 590°, for large 
saws ; pale blue 610°, for saws the teeth of which are set 
with pliers. 

Springs may be tempered by burning off in oil. 

The CUTTING EDGES of the various tools must be formed 
to angles, which vary according to the nature of the 
material to be worked, and the mode of application of the 
tool. Scrapers have their edges contained between facets 
making together an angle of from 55° to 60°. As a 
general rule, the softer the material, the more acute may 
the angle of the cutting edge be, and the angles vary for 
copper, brass, iron, and steel, from 55° to 90°, those for 
iron varying between 85° and 90°. Great care must be 
taken to obtain the cutting edges well defined, or their 
action will be unsatisfactory. The \eii\ii!(^ ^^fiiK:iCis^T\. ^\ '^^ 
edge, that ib, the section at Tigh.t-aTLg\^a \» ^"5^ ^^^^\a»sfi^ 
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be bounded bj straight lines, for it is evident that if these 
lines axe rounded, the edge itself cannot get at the material 
properly. In Fig. 14 are shown two views of a cold metal 
chisel having a wide edge. This is a percussive instrument, 
being placed upon the work and driven by a hammer, so 
chipping down the surface as required. These are ground 
on both sides as shown, the angle of edge being 70** to 80°, 
and for some particular purposes even more obtuse ; they 
are tempered down to a deep straw colour ; when in use it 
is held in the left hand, being driven by blows from a hand 
hammer held in the right. A similar form of chisel, held 
by a hazel rod, and driven by blows of a sledge hammer, 
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Fig. 14. 

is used by smiths for cutting hot iron ; but it is shorter and 
of stouter make, having a wider edge. 

Small hand-punches, employed for piercing thin metal, 
are formed of round steel, tapered off and ground flat at 
the end. Centre, or marking punches, used for marking 
work where holes are to be drilled, produce a conical or 
countersunk recess, being formed of round steel, taper and 
groimd to a conical point, having an angle of about 80°. 
Scrapers are made in two forms, as shown in Fig. 15. The 
first is made of an old parallel file by grinding off the teeth 
and grinding the end smooth, so as to form a scraping 
edge ; the second is made of an old three-square file, by 
grinding the fsLcea convex near the end, tkwa ioTming three 
scraping edges, each with an angle oi ^0"*. 1 nia.^ V<et^ 
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mention among fitters' tools the metal saw, consisting of a 
thin narrow blade stretched tightly in an iron frame ; 
these saws require frequent sharpening. 
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Fig. 16. 

Small drills worked by hand are in constant requisition. 
They are of two sorts : those that are worked with an alter- 
nate reciprocatory motion, ground on 
both sides so as to scrape equally well 
in both directions, as shown at a, Fig. 
1 6, and those worked with a continuous a 
circular motion, groimd on one side 
only, as shown at 3, so as to ctU in one 
direction. It will be seen that the 
first - described drill only scrapes, 
whereas the second cuts, hence pro- 
duces better work. Dnlls of the first 
description are usually fixed in a shaft, 
haying a conical tail which rests in 
a coimtersink in a breastplate worn Fig. 16. 

by the operator, and through which he 
puts the requisite pressure on the drill. Upon the shaft is 
fixed a sheave or pulley, around. wToiclcL \5dl^ «fervsL^ ^\ ^ ^^^ 
bowpadsea; by moving the 'bo'w \>ack^at^^ %s\.^\syc^^fis»a 
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the drill is caused to rotate alternately in opposite direc- 
tions, thus piercing the material operated upon. 

The second class of drill is usually employed, either in a 
common crank brace, as shown at a, Fig. 17, or in a ratchet 
brace h, when the position of the hole does not allow room 
enough for the revolution of the crank. The ratchet brace 
consists of a stout shaft furnished at one end with a socket 
to receive the tang, or tail, of the drill, and at the other 
with a screw, on the head of which is a hard conical point, 
and by means of which the requisite pressure is imparted 
to the drill ; in the centre of the shait is a ratchet-wheel 
firmly fixed, and embraced by the forked end of an arm or 
lever, furnished with a pall or catch, pressed upon by a 
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Fig. 17. 



spring which causes it to fall into the teeth of the ratchet- 
wheel ; thus when the arm is moved in the direction in 
which the drill is made to cut, the pall catches in the teeth 
of the ratchet-wheel and drives the wheel forward, but on 
reversing the motion, the pall slides over the teeth, leaving 
the drill stationary. 

A great variety of minor drill stocks have been devised, 
but they a?e rather applicable to the light work of the 
clockmaker than to the requirements of the mechanical 
engineer. There is a class of scraping tools known as 
broaches, or rhymers, employed for cleaning out circular 
holes ; they consist of taper, triangular, square, hexagonal, 
or octagonal tools, oi considerable length in comparison to 
diameter. 
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Square holes are cleared out by means of drifts, made of 
tapered steel bars on wbich cutting edges are formed, by 
filing notches round them at regular intervals. A drift is 
forced through the aperture to be cleared by striking it 
with a hammer, and great care must be used to strike the 
drift fairly in the line of its length, or, as these tools are 
very hard, breakage will ensue. 

I will now describe the production of hand-made screws, 
a process which is occasionally called into requisition in 
executing repairs. 

For the smallest screws a plate of dies called a screw- 
plate is employed ; it consists of a plate of steel in which 
threads have been cut, which are at certain parts filed away 




Fig. 18. 

in order that cutting edges may be formed, and also to 
afford an outlet to the metal removed from the " blank" 
being cut. By this apparatus the threads of the screw are 
partly cut and partly sqtieezed up^ and therefore not so strong 
as those produced by cutting with a point tool ; hence on 
no account are die-cut screws to be used in places where 
they will be imder longitudinal strain, and engineers 
should be careful to see that they are not so used, their 
cheapness tempting dishonest persons to substitute them 
for the proper article. 

For the production of larger screws such as threads of 
bolts, dies made in two or more parts are used, the cutting 
edges appearing on the edge oi ti;!^ 4i<b^\ ^<b^^ ^^^ ^^t^ 
need in a stock, of which two ioxma «x^ ^cs^^^^^SL^^%^^^' 



46 MECHANICAL ENOIMEEBING. 

In the middle of the stock is a rectangular opening con- 
taining V-shaped ridges, which fit grooves on the dies 
and retain them in position. At one end of the rectang^ular 
opening the ridges are cut away to allow of the introduction 
of dies as required, which are adjusted bj means of a 
set screw formed on one handle, or preferably as shown in 
the second form. 

The threads in nuts or female screws are cut after the 
nuts are drilled, by taps formed as follows : — ^Upon a piece 
of the best round steel, accurately turned, a screw is care- 
fully cut, so as to be true throughout ; a portion of this 
thread is then removed by filing three or four grooves 
along the^ sides of the tap, cutting edges being thereby 
formed and space left for the escape of metal cut away 
from the blank nut ; the thread is also reduced towards 
the end of the tap, giving it a tapering form, so that it 
may eeisily enter the work, and gradually cut the thread 
without straining the material acted on or the tap. Usually 
a set of taps comprises three for each size, two taper and 
one plug or parallel tap for finishing ; they are made with 
square heads to fit a stock or tap wrench, which is handed 
round in the same manner as a die-stock. These tools are 
lubricated with oil to prevent their becoming heated. 

Shears are used for cutting sheet metal ; their blades are 
very broad in proportion to their length, and their edges 
are ground at an angle of 85^. 

I now come to tools used in conjunction with machines 
for working metal. Most of these tools are forged from 
square steel, and shaped, hardened, and tempered accord- 
ing to the purposes for which they are required. Fig. 19 
shows a point-tool used for turning, planing, and shaping. 
This tool produces a surface consisting of very narrow 
grooves dose together, the metal being removed by the 
addon oi Hbe point and one side of the cutting edge. An- 
o^er tool, derived from that just deacnbe^, \a xcio^X. 
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frequently need in the lathe for taking large cute when 
there ia a great amount of superfluouB material to be 
remored ; it maybe said to consist of one side of the point- 
tool, the whole of ite cutting edge being inclined to the 
w(ffk. Fig. 20 shows the spring tool, which, being formed 
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Fig. 19. 
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Fig. 20. 
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Fig. 21. 



with a bend or spring in it, yields to any hard place, 
instead of tearing it out after the manner of the point-tool ; 
it is broad, aud rounded slightly on the edge to prevent 
its comers from digging into the work. This tool gives a 
better ^"■"1', bat less accurate work than thepoint-tooL 

The dde tool, used for boring Ismail cylinders, and cutting 

internal screws, iB shown in Fig. ^__^ 

21; it is the point-tool bent to ^ ~| 
oneside. ^^^ 

Fig. 22 represents a parting ^H I 

tool, used for cutting t^ugh 
or dividing work; it is made 



Fig. 22. 



widest at the cutting edge in order that the metal behind 
may not come in contact with and jam in the work 
against the mdes of the cut. A similar tool is used for 
cutting equare-threaded screws; one, more the shape of 
the point-tool, being used for V thieads. 
Atl%. 23 are shown a number ot ta3v&.to(Aa>i«&-"'t^s3a- 
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the lathe ; a is a graver ; 5 a flat tool capable of springing 
slightly ; c an external, and d an internal screw tooL Fol- 
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Fig. 23. 



lowing the points of these tools are threads determining 
the pitch of the screw being cut. 

Fig. 24 is a slotting tool, which acts vertically, being 
fixed in the vertical moving bar of the slotting machine, 
and acting end on. It is chiefly used for slotting out the 

keys in wheels, to receive the 



Fig. 24. 



I keys or wedges by which they 

are secured to their shafts. 

I There are many other tools 
used with machines slightly dif- 
fering from the generic forms 
given above, but being identical with them in principle, 
require no further description. 

There are numerous small tools used in the lathe and 
drilling machine, principally for boxing '5\xii^oaeft •, some of 
these are shown at "Fig. i5, the xemaiimig ^^lqX^^^Vji^^Jc^ 
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figure showing some forms of drills used in the lathe and 
drilling ma:2hine. Machine drills are ground to cut one 
waff only. 

Face and edge cutters in great variety are employed 
for grooving and trimming work; they are made by 
raising a number of ridges or cutting edges on the surface 
or periphery, as the case may be, of a blank disc. Punches, 
shearing edges, taps, &c., used in machines are similar in 
their general forms to the same tools used by hand, but 
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Fig. 25. 



stronger. The taps used for making screw tools and worm 
wheels are called hobs. 

My space will not allow of my illustrating separatcdy all 
the different forms of machines used in the works of the 
mechanical engineer without encroaching too much upon 
that more imperatively demanded by the work he produces ; 
so I must be content to give a general description of the 
principles on which they are designed, illustrating a few 
of the distinctive features characterizing them. 

There are two principal parts in eve^rj isij^ssos:!. '^'s^y^^sv^^ 
the part which holds and directs tiie ou\^^^ Vi^^ ^s^ *^Ma^ 
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which holds and presents to its action the work to be 
operated dn : between these intervenes the mechanical ar- 
rangement by means of which the work is moved onward 
as the operation proceeds, so as to offer fresh surfaces to 
the action of the tool ; this motion is called the feed. The 
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Fig. 26. 



tool is carried in a box or rest, and the work securely 
fixed on a table or chuck. 

The general forms of chucks will be understood by a 
referenciB to Fig. 26. A shows a plan and B an end view 
of the table of a planing or shaping machine ; it will be 
seen that it is made with undercut or T-shaped grooves, a, 
into which may be slid the heads of screw bolts by means 
of wbicb the work is secured, being b^eld by clamps or 
^'dogs, " as shown at «'. This table \ia^ V^ \»«^^^^ \\, 
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which fit corresponding grooves in the frame on which it 
slides. These plates or chucks are rectangular in the plan- 
ing, shaping, and drilling machines, circular for the turning 
lathe and the slotting machine. C shows a lathe chuck to 
which the " dogs," dy are fixed, being worked up to any 
required position by the screws e in the grooves ^, so as 
to grip the work to be operated upon ; this is called a 
"dog-chuck." An ordinary chuck for a lathe, called a 
face-plate, has rectangular holes in it through which bolts 
can be passed from the back to hold the work. In the 
illustration the screws have square heads, to which fits a 
key or spanner for adjustment. 

At D is shown the way in which plates are fitted one 
upon another, either for a bed for the work or a rest for 
the tool. The plate / can be slid upon g by either a screw 
or rack motion, and in turn, g can be slid upon the lower 
bed A A, in a direction at right angles to the motion of /. 
By means of these two motions any required movement 
can be given. In the slotting machine the table is also 
capable of being revolved, by a tangent screw acting upon 
teeth on its periphery ; thus it may be used as a boring 
machine. 

The cutting tool is secured by clamps screwed down 
upon it. The feed may be put on by hand, but machine 
tools are made to act automatically at will. The lathe 
generally travels the tool rest by a screw called the ''lead- 
ing screw." It is evident that by interposing suitable 
wheels between the shaft carrying the work and the lead- 
ing screw, that the tool may be so travelled as to cut a 
screw of any required pitch ; but if that pitch is a greater 
angle than 45° the cutting tool must be laid on its side. 

The feed in some cases is put on the tool, as in the 
planing machine and lathe ; in others on the work, as in the 
slotting machine, and in some ca&e^ OTi\^o^^ ^s»\![^ ^^b;?^*^ 
macbines, A common form, oi ie^ft. TCkoNasycL \s» ^3s^^^^ ^ 

1)2 
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Fig. 27, where a is a toothed wheel on the end of a screw 
moving the tool or table as the case 'may be ; ^ is a pall 
which will slide over the teeth in one direction, but catch 
and push the wheel on when moved in the other ; its posi- 
tion is maintained by a link acting about the same centre 
as the wheel a, and motion is given to it at every stroke or 
revolution of the machine through the link c, connected 
with some moving part of the machine. The pall is made 
double-headed as shown, and thrown to one or other side 
of the centre of the wheel according to the direction in 
which the feed is required — ^it is steadied in either position 
by a spring pressing on a flat part of the pall. 

The power is commimicated to machines by bands and 

pulleys, or riggers, of 
which there are always 
two (and in the case of 
machines that require 
to have their motion 
reversed three), on the 
machine shaft, one 
running loose on the 
^^' * shaft, so that while the 

strap is on that pulley the machine remains at rest. The 
strap is shifted by a fork embracing it, and when the 
machine alternates in its motion, this throwing of the strap 
from one wheel to another is done automatically. Where 
there are three pulleys the centre one is loose. 

In Plates II. and III. are shown the general forms of 
various machine tools. A is a slide and screw-cutting 
lathe, a a is the lathe-bed, through which runs the '* lead- 
ing screw ; " ^ is the slide-rest carrying the tool secured 
under clamps at ^ ; cis the headstock, carrying the driving 
riggers, feed wheels, mandril e, and chuck I; d is the 
^^poppet head, " ia which is a mandril that can be moved 
longitudinally by a screw actuated \>y \k^ \va.Ti^-^^ia^ m. 
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ee are the "centres," upon which the work is carried; 
at / are the toothed or spur wheels by which the feed is 
regulated, g being the transverse feed on the slide-rest ; 
at h are the driving and loose pulleys, having on the same 
shaft the riggers i. By the different sizes (A the riggers 
at i and / the speed is varied, the diameters being so 
arranged that one band will fit any pair. Of course the 
greater the diameter of the work, the less must be the 
number of revolutions per minute. I is the face-plate 
which screws on to the mandrils. The centres e have 
tapered tails fitting into recesses prepared in the mandril 
and poppet-head to receive them. To chuck, say a bar in 
the lathe, first the centre at each end is marked by a centre 
punch, and then a small countersink is drilled to receive 
the centre e. The poppet-head is slid along the lathe-bed 
so as to make the distance between the centres e a little 
greater than the length of the work to be turned, and there 
clamped to the lathe-bed by a screw n. On one end of the 
work a " carrier " <?, Fig. 27, is fixed by a screw e ; the 
work being put between the centres, the back one is 
brought up by the screw and hand-wheel w, till the work 
is held on the centres. The back centre is secured from 
slipping by the set-screw o, and the work is caused to revolve 
by a stud on the face-plate catching against the carrier-tail 
/, Fig. 27. 

B is a slotting machine — a is the vertical bar carrying 
the slotting tool 3, secured by the set screws c c. The bar is 
actuated by a link or connecting rod d, attached to a crank- 
plate e, fixed on a shaft /, at the other end of which spur- 
wheels connect it with a shaft and driving riggers h ; on 
this shaft is a heavy fly-wheel w, to accumulate momentum 

• for the '* cut ; " « is a cam driving the feed motion kk, by 
which the table I is turned and traversed. C is a shaping 
msuMne, front view, a, tool-\)ox\ 1), e,^^ccL<ei^ «S!L^^sst<s^ \Rk 

adjust angular position of tool-, d aTv<^ K ^^^^^^^^^^'^N 
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g driving pulleys ; e feed motion ; / table or chuck for 
work. Tlie tool-holder is driven backwards and forwards 
by a link similar to that of the slotting machine. In both 
eases the crank-plate is a grooved disc, and the length of 
stroke is adjusted by the distance of the driving-pin from 
the centre of the disc. D is a drilling machine, a is the 
drill socket on the shaft ^, driven by the mitre wheels c, 
from the driving gear d,d,d,\ e\& a hand- wheel on a shaft 
carrying a pinion /, which gears into a wheel y, the centre 
of which has a thread cut in it to actuate the screw A, by 
which the drill shaft A is raised and lowered ; i is the table, 
which can be moved by screws in either direction, and also 
raised and lowered on vertical slides. E is a side view 
of a planing machine, a is the tool-box, h h the planing 
table, c c the driving gear, d a hand-wheel and screw for 
regulating the **cut" of the tool; e bevel wheels connect- 
ing vertical screws on each side of the machine ; // feed 
gear for moving the tool ; g a stud which, by knocking a 
tumbler, shifts the driving band and reverses the motion of 
the machine ; h h the bed of the machine. The position of 
the stud g determines the length of travel of the bed. The 
tool^holder is either made to rock, as shown, to let the 
work dear in running back for a new cut, or the tool is 
reversed as well as the machine motion and so cuts both 
ways ; in the f owner case the machine is geared so as to 
run back much quicker than forward, in order to save time 
when the cut is not on. 

Punching and shearing machines are generally made 
with vertical slides, and as the stroke is very short, motion 
is given by an eccentric working in a rectangular opening 
in the slide, the width of the aperture being suflB.cient to 
allow for the lateral play of the eccentric, and its height • 
equal to £he diameter of the eccentric. 
Machiaea called multiple driHing Tda^Diiie*^ at^ tlqnfi 
much used for girder work ; they carry a -a-MTci^iet oi ^^r^^ 
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in a row, all driyen by one shaft. The feed may be put 
on the work by small hydraulics imder the table. 

There are a few multifarious pimching machines in 
England, which up to a certain width will punch any 
required pattern; these are very complex, and for their 
description would require more space than is at my dis- 
posal in this chapter. 

There are also various special machines, such as screw- 
ing machines, bolt and nut making machines, &c,, &c. 



CHAPTEE T. 



MANIPULATION. 



I sow proceed to the description of the manipulaticais 

wit^ Thich the mechaiLical engineer must be acc[uauited 
in order to complete hie work. The fitter will require a 
tail vice, of the form shown at Fig, 28. 
It is a large vice with long jaws, one of 
. which is prolonged into a tail, which at 
its lower end is fixed into a block secured 
to the floor ; at the upper part, just below 
the screw by which the j aws are tightened 
up, is an iroa lug, by which it is there 
secured to the bench. The vice should 
be furnished with pieces of sheet-copper 
to lay over the jaws and prevent work 
from being injured by its teeth when 
necessary ; or clams may be used for this 
purpose, made of an alloy, of 9J parts 
lead to one part antimony ; sheet-lead 
alone is also often used. 

When the various castings and f orgiags 
come into the shop, with most of them 
the first treatment will be in the ma- 
chines. 
The round elements, such as shafts, pis- 
ton and other rods, must be turned in the lathe. In the first 
place, a rough cut is taken off with the point or side tool, 
and afterwardB a £ner cut ia taken, ptodacing a smoother 
BurMce, which may he finally smootiied — eVaS.^a'^^ V-Mroi^ 




Fig. 28. 
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against them as they revolve very fine emery paper, well 
oiled ; piston rods and articles intended to move longitu- 
dinally in packing should be draw-filed, that is, as the 
work revolves a smooth file is passed along it, but is held 
at right angles to the length of the work, so that the teeth 
of the file act sideways, and the work should move very 
slowly ; the object of this is to remove all trace of grooves 
running round the work, which would tend to tear up the 
packing besides making excessive friction. From wrought 
iron the removed parts come away as shavingps, and in 
order to keep it cool, a ley made of soft soap and water 
drips upon it from a can carried by the rest so as to travel 
with the cutting tool. I have seen a spiral shaving 32 feet 
long come off a bar of good iron, without breaking. With 
cast iron the removed material comes away in chips, so that 
lubrication of this kind is not required. With screwing 
machines oil may be used. 

Pump plungers of cast iron, after being turned in the 
ordinary way, should always be draw-filed longitudinally. 
Some special tools will be mentioned further on in treating 
of the details of steam-engines. 

The SURFACING of work is a tedious process, and one re- 
quiring much care and patience for its correct execution. 
Let us suppose a flat surface required, such as that of a 
steam-valve, which surface is required to move as nearly as 
possible steam-tight upon another. It is evident that 
neither by planing, which leaves the surface in minute 
grooves, or very shallow furrows, according to whether 
the point or spring tool is used ; or filing, which leaves 
intersecting scratches, can yield so accurate a surface as is 
required. Scrapers are therefore used. The accuracy of 
the work is tested as it proceeds, by means of a surface 
plate or planometer, which is a plate of cast iron stren^h.- 
ened by ribs at the back, so ttat it \a!£\. Ti.o\.\>^^^ ^"^ «^g«s^% 
in use. The constructioti ox oTi^tisAAOTL oi 'Cs^a «q:^^^^ 
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plate must be described ; but first we muBt have a straight- 
edge, hence must commence by making one. Three strips 
of metal, numbered 1, 2 and 3, are fastened together side 
by side, and planed as true as possible. Numbers 1 and 
2 are then filed and scraped, imtil when their edges are 
put together, they fit so accurately that no light can be 
seen between them ; numbers 1 and 3 and 2 and 3 must 
also be made to coincide; then when any two of the 
straight-edges taken indiscriminately coincide, they are all 
perfectly true. 

Two surface plates should be made together ; they are to 
be planed with a point tool, and then filed and scraped 
until, if a straight-edge be laid upon them in any position, 
light cannot be seen between the sxirf ace plate and straight- 
edge. Red ochre is now rubbed on one of the surface 
plates, and the other is inverted upon it and moved about : 
it is evident that the highest point or points of contact of 
the top plate vith the bottom wiU become marked with the 
ochre ; these parts are then scraped down and the process 
repeated with both plates, imtil either of them being rubbed 
with colour, and the other moved about on it, the whole 
surface becomes uniformly coloured. 

In like manner, having a surface plate, any work to be 
trued up is applied to it, after it has been rubbed with 
ochre, and the marked parts scraped down, the process 
being repeated until a sufficient degree of accuracy has 
been obtained. The appearance of the scraped surface 
will be mottled ; it is not of course a mathematical plane ^ but 
it is the nearest approach we can get to it. 

By a similar process, cylindrical surfaces may be caused 
to bear imiformly : thus suppose the bearing of a shaft to 
be accurately turned, then by rubbing it with ochre and 

oacillating it in ita intended bearings, the first points of 
contact will be shown, which being bcto^^^ ^qt^tl Q«tL>;ivsk»L- 

'r, ultimately a uniform surface "bearmg VlSi^i^ ^\s:y£^<^^. 
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For any Borface which is intended to move in contact with 
another, grinding is'not to be recommended ; as some of the 
abrading material will most likely imbed itself in the softer 
parts of the work, and so when the machine is working 
cause rapid local wear. In some cases, as for the seats of 
yalyes dropping on (not sliding into) their seats, grinding 
in is quite p^per, also for cocks that are only turned 
occasionally on their seats. 

The matexaals ordinarily used for grinding and polishing 
are, emery, oxide of iron (crocus), oxide of tin, &c., 
applied by means of a wheel or lap of soft metal, which 
may be made of lead and antimony in the proportion of 
nine to one. 

Nothing will enable a man to file truly but long practice, 
the tendency to file round being very great ; for as the file 
is moved backward and forward, the leverage is first on one 
and then the other side of the work, and the pressure 
applied by the hands must be varied in accordance, 
so that the centre of pressure of the two hands is always 
in the centre of the work : this is very easy to explain, but 
not easy of execution by the beginner, and when we con- 
sider that the final fitting of all the parts of the machines 
together depend in so great a measure upon the file, we see 
that the fitter's occupation is one involving considerable 
responsibility. 

In addition to the straight-edge and surface-plate, the 
mechanic will require other tools, as shown in Fig. 29, for 
setting out his work, a is a pair of common compasses, b 
a pair of outside calipers for taking the diameters and 
thicknesses of solid bodies, e inside calipers for holes, d the 
two combined, useful for imdercut work, as when the ends 
d are close on the part to be measured, the thickness can 
be taken oS the ends ^ ; / is a scriber and block for marking 
Unea, and gh diXL arrangement ioT ftw^\w% ^^ ^^^v^^^!^ ^ 
round work. By applying tko \>\sAe g "K o^et ^^ *vs^ ^^ ^ 
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circular piece of work (as, for instance, the end of a crank 
shaft), so that the two sides of the stock g are in contact 
with the drcumference, a line ruled along gh wiU pass 
through the centre of the circle, then shifting the stock a 
quarter round and scribing another line across the first, 
the intersection of the two wiU be the centre of the circle. 
Squares of yarious sizes will also be required. 

When holes are required, punching should be avoided as 
much as possible, as it always injures the plates around the 
punched holes, and where punched holes are used, the 
punches should not he flat at the ends but of a spiral form, 




Fig. 29. 



so as to exercise more of a shearing action than the burst- 
ing-out action of the common punch, and if the latter be 
used, the holes should be punched ^ inch smaller than 
finished size and cleared out to the full by a pin drill, 
which is a drill having its centre prolonged into a pin of 
the same diameter as the hole to be enlarged. 

In boring cylinders intended to be used with pistons 
working in them, and also in turning large pump plungers 
and work of a similar nature, the work should not be 
suspended during the finishing cut \ it sYioxjX^ \i^ c-butcx^^ 
^S'^i through, for it is obvious that aa tiie csut ^to^^^^^ ^^ 
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work will beoome heated and expanded; if then we stop the 
cut and let it oool, when the out is again started, the work 
having contracted, there will be a ridge, very small, no 
doubt, but t^ will he there. 

Steam joints of flanged pipes, cylinder covers, &c., are 
inade tight by enclosing rings of canvas smeared over with 
a mixture of white and red lead between the metal sur- 
faces. For joints that are to be permanent, iron cement 
made with iron borings and sulphur may be used, but 
these, if the cement is properly made, cannot again be re- 
opened without danger of breaking up the work. 

In fitting up our shop it is necessary to have some idea 
of the power that will be required to drive the tools, and 
although I have not mentioned the engine itself, as that 
and the boiler will be minutely described further on, I will 
here give, on the authority of Dr. Hartig's experiments, 
the power required to drive various machines. 

SiNGLE-ACTINQ SHEARING AND PuNCHINQ MACHINE. — 

P = horse-power to drive the empty machine ; Pc = do. to 
do the work ; i = maximum thickness in inches of plate to 
be cut ; n = number of cuts per minute ; a = area of sur- 
face cut or punched per hour in square inches ; F = (1 166 
-)- 1691 h)-=- the work to shear one square inch. 

P-. A.I I ^ X ^ P ^ ^ X ^ 

^ 26-7 * " 1980000" 

The total power is of course P x Pc- 

Plate-bending Machines. — &, t^ I, = breadth, thickness, 
and length of plate in inches ; r = radius of curvature in 
inches ; F = net work of bending the plate in foot-lbs. 

^ .3 1^ . T. 85000 5^/ ^ ^ ^ . ^ 

For cold wrought iron F = . For red-hot do., 

^ 113005^/ _ X J • XV *_ \x • 

F = . The power to oiw^ Wi ^xK^^rj \wifi. \s^ 

O'S to 0'6 horse-power. 
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CiEOTJLAB Saws. — d = diameter in inches ; n = number 
of revolutions per minute ; then running empty, 

32000 

The net power to cut is proportional to the cuhic con- 
tents of material removed; a saw for cutting hot iron, 
moving at a circumferential speed of 7875 feet per minute, 
and making a cut 0*14 inch wide, the power is, if A equal 
sectional area of surface cut in square feet, Pe ^ 0*702 A, 
for red-hot iron. Pc = 1*013 A, for red-hot steel. 

Okdinaby Cutting Tools. — W = weight of material 
removed per hour in pounds ; « = averageLsectional area 
of shavings in square inches. 

Planing cast iron, light cuts, 

P„ = W ( -0165 + no^,)- 

Average cuts: — Steel, Pg = 0*112 W; wrought iron, 
> Pc = 0*052 W; gun-metal, Pc = 0-0*i27 W. 

The power required for turning metal is less than that 
absorbed in planing, and greater for small than for larger 
diameters. 

Turning : — Cast iron, Pc = 0*0314 W ; wrought iron, 
Pc = 0*327 W ; steel, Pc = 0*047 W. 

For drilling : — q =. cubic inches removed per hour ; 
d = diameter of hole in inches. 

Drilling cast iron dry, T^^z q (0'016S -{ -^ — J ; wrought 



iron in oil, Pc = ^ (o*0168 +-^^)* 



Shaping Machine Cw^«.— Cast iron, skin cuts, Pc = 0*1087 
W/ under-cuta, Pc = 0*0604 W ; notch-cuts (wheel-teeth), 
-Pi- = 0-118 W. The power requiie^L to ^n^ \Jcl^ \.oQ.\a 
^^j^ify varies for Jathes with the nuaxbeT oi ft\v«i\J& \i^\.^^^TL 



POWER REQUIRED FOR MACHINE TOOLS. 63 

the driving shaft and main spindle; n = revolutions of 
lathe spindle per minute. 

No. of 
Intermediate Shafts. light Lathes. Heavy Lathes. 

P = 006 -f 0-0006fi P = 0-26 + 0-0031« 

1 or 2 P = 0-06 + 0-0012/j P = 0-26 + 0-063n 

3 or 4 P = 006 + 0-06« P = 0-26 + 0-18n 

For drilling machines empty : n = revolutions per minute 
of gear shaft ; n, = do. of drill. 

Drill without intennediate gearing . . P = O-OOOOn + 0-0005ft« 

Drill with gearing for Bpindle P = 0*0006n + 0-OOlft^ 

Radial drillB without gearing P = 0-0006« + 004»2 

Eadial drills with gearing P = 004 + 0006« + 0-004w2 

For a slotting machine empty. Tool holder and slide 
weighing 93J lbs. ; n = strokes per minute ; « =• stroke in 
inches. 

P= 0-045 + ^^^* 

4000 

For shaping machines moving slowly, the power to move 
them empty is 10 to 15 per cent, of the gross power absorbed 
by them. 

These quantities must be regarded as rough approxima- 
tions, for the varying characters of the materials operated 
on must require constantly varying amounts of power for 
the execution of the work. 

In planing, turning, and boring rough castings, care 
must be used in taking the first cut to let the point of the 
tool be deep enough to go under the sand shiny or its edge 
will be gone directly. The sand skin should be left on 
where convenient, as it forms a good protection to the 
metal beneath, protecting it from corrosion. 

All the parts of a machine having been fitted together 
and to their respective parts of the frame in detail, it now 
remains to erect it, and if the pxece^m^ ^or^ \N3evjb \i^<scL 
accurately executed there will "be ivo SoSELOxilX.^ m *^iai&- "^^ 
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the framework of large engines or machinery, when it is 
built up of different pieces, gauge-points should be marked 
in line on different parts of the frame, as soon as the 
whole is accxirately erected, in order to show at any future 
time if any subsidence or straining of the framing has 
occurred. In marine engines especially is this requisite, 
where the labouring of the vessel in a heavy sea wiU put a 
racking strain, perhaps not only upon her frames, but 
also on those of the engine ; in any case the engines 
should have a very solid base 'plate, and the framing be so 
constructed and self-contained that it shall not bring any 
strain upon the framing of the ship. 

Having now become acquainted with the materials sup- 
plied for our use, and the various means by which they 
may be obtained from the soxirces found in nature, and 
also understanding the machinery and processes available 
for converting these materials to any form that may be 
required, we are prepared to enter upon the important 
work of designing and constructing new steam-engines 
and other kinds of machinery required for the prosecution 
of our nimierous and varied industries. 



CHAPTER VI. 

PHYSICAL BASIS OF THE STEAM-ENGINE. 

In this chapter I piirpose explaining the scientific 
principles upon which the action of the steam-engine 
depends, and in so doing I shall avoid any unnecessary 
digression into the paths of pure science, as I am anxious 
not to introduce theory, beyond what is necessary for the 
comprehension and proper treatment of the subject now 
before us. 

If we evaporate water steam is formed, and at the ordi- 
nary atmospheric pressure will occupy about 1,600 times 
the space of the water from which it has been formed. 
If, then, we suppose a cubic inch of water to be enclosed 
in a tube, and a steam-tight plunger or piston to rest upon 
it, but so that it can move freely in the tube — ^which we 
will suppose to be one square inch in area, and open to 
the atmosphere — ^then, by applying heat to the tube, the 
water will be converted into steam ; and the piston (which 
is supposed to be without weight, or coimterpoised) is lifted 
1,600 inches, pushing out the air before it, and therefore 
lifting by the elasticity of the steam below about 15 lbs., 
being the weight of the atmosphere, 1,600 inches, or doing 
what would scientifically be called 2,400 inch-lbs. of 
work. 

Let us pause for a moment to consider what work is. 
If a force of say 10 lbs. is resisted and kept at rest, there 
bein^ no motion, a pressurej or static Jwce, ol \^ ^"^^^ Ss^ 
exerted; but it the resistance oi \0 Wi^. \a ^<^^» Ts^ax^ 
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balanced, but pushed back tbrougli space, work is done ; if 
the space tbrougli whicli the resistance is pushed or over- 
come be, say, 12 feet, the work done is 120 foot-lbs. 

In this we have the action of the steam-engine, but as 
other resistances have to be overcome besides that of the 
atmosphere the steam is formed in closed vessels (boilers), 
which, by restricting its volume, causes it to have a greater 
pressure than that of the atmosphere. 

If we take a gas or vapour, and compress it into half its 
present volume, we shall find we have doubled its pressure 
per square inch. (It must be imderstood I am speaking 
generally, without regard to variations of temperatxire ; for 
the exact explanation of the matter I would refer such of 
my readers as desire to study it in detail to the late Mr. 
Clerk Maxwell's "Text-Book on Heat"); and in like 
manner if we evaporate 1 cubic inch of water in a vessel 
having only 800 inches capacity, it wiU have a pressure 
of 30 lbs. per square inch instead of 15 lbs. Thus, by 
evaporating the water in a boiler, we can get the steam of 
any pressure we desire, the boiler being made strong 
enough to bear such pressure, and having our reservoir of 
steam, we can let it out as we want it into the tube with 
the movable piston, on which its pressxire will act to do 
such work as we require. 

Water boiled under atmospheric pressure is at a tem- 
perature of 212° Fahrenheit, and the steam formed shows 
by the thermometer the same temperature; but that steam 
contains absolutely a great deal more heat than an equal 
weight of water at the same temperature ; this heat which 
is not shown by the thermometer is called latent heat, and 
as the sensible temperature of the steam increases with 
its pressure, so the latent heat diminishes ; not, however, 
making the total heat constant, as will be seen from the 
following BguxeaiTom. Eegnaultfs expennmsxita-, — At 26 lbs. 
pressure per square inch, the sensible tem^et«A.wi^\& 'I\'I*'^'' , 
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the latent heat 945*6^ the total heat being 1187*9''. Again, 
at 57 lbs. pressure per square inch the sensible temperature 
is 289*3^, and the latent heat 912*9^, the total heat being 
1202*2^. These pressures are absolute pressures , not pres- 
sures above the atmosphere. The variations of total heat 
are not very great, being at 21 3*1° temperature 1178*9°, 
and at 381*7® temperature 1220*3°, the pressxires being 
15 lbs. and 200 lbs. per square inch. 

Having thus seen how the power, or rather work, is 
eommunie(Ued by the steam, it is necessary to inquire &om 
what source that work is obtained. 

It has been ascertained and demonstrated by physicists 
that the various physical forces are correlative, that one can 
be transformed into another, electricity into heat, heat into 
electricity, mechanical work into heat, and heat into me- 
chanical work, &c. It is with the relations existing between 
heat and mechanical work that I now have to deal, for 
however interesting are the other correlations referred to, 
they are beside the subject imder consideration. 

Dr. Joule, by experiments on friction, foimd that the 
quantity of heat sufficient to raise 1 lb. of water 1° Fahren- 
heit, corresponded to an amount of work represented by 
1 lb. falling 772 feet, or 772 foot-lbs. of work. This value 
has been tested in various ways and always verified, and 
is even so verified by an examination into the difference 
of the theoretical and actual velocities of sound in air. 

The quantity of heat required to raise 1 lb. of water 1° 
Fahrenheit is called one unit of heat y and for every unit of 
heat that disappears we have a right, according to the 
inexorable laws of nature, to expect 772 foot-lbs. of work. 
In the high-pressure steam-engine, where the steam ex- 
hausts into the air, we have no means of ascertaining how 
much heat is carried away ; but in the condensing-engine, 
in which the exhaust-steam is again cotl^«m»^ \siXft ^^>^Rst> 
the quantity of heat left after tYie ^oxY \v^ \i^«^ ^^"^^ *^^ 
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the engine may be measured, and the amount of work so 
done should correspond to the loss of heat experienced by 
the steam in its passage through the engine. Of course in 
,experiments to determine the quantity of heat disappear- 
ing in the steani-engine all losses, by radiation, by con- 
tact with air, &c., must be ascertained, and for experiments 
practically proving the accuracy of the dynamic theory of 
heat, as applied to the steam-engine, science is indebted 
to M. Him, whose experiments I will now describe — -first, 
observing that '* working steam expansively" means letting 
steam into a cylinder only for part of the stroke of the 
piston, the further motion of the piston being carried on 
by the expansion of the steam already in the cylinder. 

In the steam-engine used in M. Him's experiments the 
steam left the boiler at 146° centigrade, and without loss 
of temperatxire entered the cylinder. The temperature of 
the condenser was 34° centigrade. The steam was worked 
expansively. The space above the piston was connected 
with the condenser; and if the expansion were perfect, 
the vapour imderneath the piston at the end of its stroke 
would be of the pressxire due to the temperature of the 
condenser. Assuming this to be the case, we can, by M. 
Regnault's experiments, determine the fraction of the 
total heat which is converted into work ; and according to 
these calculations the heat converted into work in M. 
Him's experiments is something less than -j^th of the 
whole heat. M. Him, however, found that ith the total 
heat was converted into mechanical effect, and it was sub- 
sequently shown that some of the heat was yielded by the 
condensation of steam in the cylinder ; this condensation 
was demonstrated by M. Him. That such a phenomenon 
should take place was theoretically demonstrated by Mr. 
J^ankine and M. Clausius, two of the most energetic sup- 
porters of the mechanical theory oi "keat. 
T think this brief explanation oi ^e 1\ibotj oi \)Sia ^^NkorcL 
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of the steam-engine will suffice for the purj)oses of the 
present work, and shall therefore pass on to the practical 
designing and construction of these machines ; but at the 
same time I would strongly urge all who really take an 
earnest interest in the subject to follow up in other 
treatises the study of the principles of thermo-dynamics, 
for in few branches of science will be found richer or more 
fascinating fields of investigation ; and in our improved 
modes of construction may be f oimd the means of realising 
some of the aspirations of the earlier school of mechanical 
engineers. 



CHAPTEE VII. 

THE PRINCIPLES OF MECHANICAL CONSTRUCTION. 

I WILL now give a brief account of mechanics as applied 
to the construction of machinery. A machine is inter- 
posed between the source of power and the point at which 
it is expended, its object being to render such force ap- 
plicable, or to alter the conditions under which it acts. 
Thus by the steam-engine the elastic force of steam is 
rendered applicable to the moving of machinery; by levers, 
pulleys, and other contrivances a quickly moving force is 
changed into a greater force moving proportionately slower , 
or vice versd. If 5 lbs. at one end of a bar on a movable 
centre will balance 20 lbs. at the other end, it will be found 
that if the bar is caused to move on its centre, while the 
latter end moves 1 inch the former will move 4 inches ; the 
work balances, in fact; at one end there is 5 lbs. X 4 inches 
= 20 inch-lbs., at the other 20 lbs. x 1 inch = 20 inch-lbs. 
No force is or can be created or destroyed ; the sum total 
of force in the universe is always the same, existing in two 
states — '* potential " and *' active." There is potential 
work in a piece of coal, which becomes active when it is 
burned under the boiler of a steam-engine. A considera- 
tion of the indestructibility and increatibility of force, the 
principle of the "conservation of energy," will show the 
impossibiliiy of perpetual-motion machines, the infatuated 
search after which has ruined so many ignorant inventors. 
Those who are brought into contact -with this unfortunate 
class of persona will find that tla.e laac^QAiL^ qt^-^ ^^\i\a» 
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ans little detail altered to get it over the only hitch remain- 
ing ; the little detail required is the supply of power to 
drive the machine. Of the perpetual-motion machines 
said to have existed I have only to say they are impudent 
frauds. 

But to resume : I will consider the condition of a force 
acting about a point as a centre of revolution. The inten- 
sity of force, multiplied by the distance of its direction 
from the centre, is called the moment of the force ; but 
this, although expressed as inch-lbs., foot-lbs., &c., must 
not be confused with the same terms as applied to work, 
or force acting through a certain distance ; the former is a 
static force, or pressure at rest, the latter a dynamic force, 
or pressure in motion. 

Let a bar 6 feet long be fixed on a centre, and at 
its free end let a force of 10 lbs. act at right angles 
to its length ; the moment of the force about the centre 
will be 10 lbs. x 6 feet = 60 foot-lbs. Now if the value 
of a moment be given and one of its terms, the other 
can be found thus to balance this 
moment of 60 foot-lbs., suppose there 
is a force of 12 lbs. available ; then 
the distance at which it must act about 

f>0 

the centre will be -— = 5 feet, giving 

1^ 



«^ 




the moment 12 lbs. X 5 feet = 60 
foot-lbs. In determining a moment, 
the distance of the centre must be 
measured at right angles to the direc- 
tion of the force. In Fig. 30 let a Fig. 30. 
force to act in the direction a h ; 
it is required to find its moment about the point c ; from c 
let fall a perpendicular upon a b, and call the length of this 
perpendicular x; then will the in.oixie»TL\> oi >iXi!^ ^i^-t^^ ^^^^^rsv^ 
c^=iwx, Yrom. the above remaxk& \\i a^^e^^^ ^Oas^ «2k:^ *^^^ 
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moments will equal, wlien the distances of the forces pro- 
ducing them, from the centres to which they are referred, 
vary inversely as the intensities of the forces. Suppose 
this condition to be satisfied, and let the moments act about 
the same centre, but in opposite directions ; then will a 
condition of equilibrium be attained, and in this balance 
of moments it is that the principle of the levee consists. 

Take an ordinary bar (neglecting its weight), supported 
on a pin or gudgeon at one-third of its length, and free to 
revolve about such pin ; if, then, the bar be 9 feet long 
there will be 6 feet on one side of the pin, or fulcbum, as 
it is called, and 3 feet on the other ; let a weight of 500 lbs. 
be attached to the shorter end. It is required to find the 
weight which, attached to the longer end, will balance it. 
The weights and their distances from the fulcrum must 
vary inversely ; so by proportion — 

6:3:: 500 : 250 ; because 500 x - = 250. 

6 

250 lbs. will, therefore, be the weight required. 
This rule will apply to every kind of lever, care being 

taken to observe the con- 

J^h: ^ ditions under which it acts. 

I jsLam^sar I j^ principle, however, is 

^ A^ r^the same whether its arms 

be in the same straight 
line, or bent at angle to 
each other. Various forms 
of levers arg shown at 
Fig. 31, but the same 
length of arms, and there- 
fore the same conditions of 
equilibrium, are preserved 
ipj 32^ in each case. 

Tbiei^Toi^ortions between 
tho weights and arms refer to xela^ve, noX. \ft ^Xi^^A^Jy^^ 
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qnantities; thus a lever having arms 3 feet and 6 feet 
long, will have the same value as one with arms 4 feet 
and 8 feet long ; the proportions being the same in both. 
I will now examine the work done when the arms move 
about the fulcrum in the above case. Let the end of the 
long arm move through 1 foot, then the work will be 
250 X 1 = 250 foot-lbs. ; what then will be the work done 
at the other end of the lever? 

We must first find the space through which the end of 
the short arm will move, while that of the long arm passes 
through one foot. The ends of the arms describe circles 
about the fulcrum, hence in moving through the space 
mentioned above, part of the circumference of a circle will be 
described, and the distances passed through will vary as the 
lengths of the arms which are the radii of the circular arcs; 
therefore, the end of the short arm that carries the 500 lbs. 
weight will move through half the distance of the long 
arm, or through ^ foot, making the work at this end 
500 X i = 250 foot-lbs., which is equal to that performed 
at the end of the long arm. 

It has been stated that a balanced force represents^^^wr^. 
a moving force worky and proceeding further and intro- 
ducing the element of time, power is determined. 

11 p=. the force, d = the distance travelled, and t = the 

time occupied, the power wiU vary as ^^^. 

From the above observations it will be found that 
nothing is gained in work or in power by the lever ; the 
amoxmt of work done at the two ends is equal, and it is 
done in the same time ; hence the use of such machines is to 
enable us to slowly overcome a resistance, which we other- 
wise could not overcome at all. 

The results of the investigation of the principle of tha 
lever may he generalized as ioUowa, m cstdL^et \» ^^"^ ^^^^» 
other macbineB for concentrating "po^et. 
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In any macliine let x = the distance through which a 
given force is to be exerted, or through which an equiva- 
lent weight is to be lifted, and let w = the weight or force. 
Let y = the distance through which the driving force 
moves, while w moves through x, and let w' = such driving 
force. The work executed (neglecting friction) wiU be 
=-wXy the work done by the motive power '=.w' y\ these 
quantities must be equal, or rather, to produce motion the 
power must slightly preponderate. The balancing forces 
will be found from the following equations : — w x-=.w' y\ 

tf/—w X—; fr = «/x-^; (X^ — y x— ; y — x x 



w 



J . 



y X w w 

These equations will apply to either simple or complex 
machines, where a uniform resistance is overcome by a 
uniform force, x being the distance through wHch the 
point of resistance moves in a given time, and y the dis- 
tance through which the point of application of the power 
moves in the same time. 

The PULLEY and axle are evidently identical in their 
action with the two arms of a lever. The inclined-plane, 
WEDGE, and scBEW act differently, but the law given above 
will be applicable, the distances moved through being very 
easily found ; thus when a single-threaded screw revolves 
once, any body which is being raised by it passes through 
a distance equal to that between two threads of the screw, 
measured from centre to centre of thread ; this distance is 
called the pitch of the screw. 

A very convenient machine for concentrating power is 
the HYDBATTUO PBESS, the action of which is illustrated by 
the diagram Fig. 32. 

Let a and h represent two cylinders, each having an 

accurately fitting piston, the lower parts of the cylinders 

being £lled with water, and communicating with each 

other hy a pipe. Let the diametox oi a \i^ tme^ that of i, 

then because the areae of circlea var^ »» ^^ %s\vx»x^^ ^\ 
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their diameters, tlie area of the pieton in a wHl be four 
timea the area of that in }. If we cause the piston in i to 
descend, say, 2 indies, a layer of water 2 inches thick will 
be displaced from the cylinder b and forced into the cylinder 
a, irhere, however, it will spread out to cover four times 
the area it did in b ; hence the layer added to a will be only 
one CLoatter the thickness of that expelled from h, or ^ inch 
thick, and the piston in a will rise through one quarter the 
^stance throug;h which the piston in i is depressed ; hence 
a w^ht on b Till balance a weight four times as great 




Fig. 33. 

placed on the piston at a. This may also be shown by 
another mode of reasoning, based upon the observation 
that liquids press equally in every direction. Let x be the 
pressure per sqnare inch on the water in the two cylinders, 
the water will react in every direction with a force of x lbs. 
per square inch ; but the area of the large piston ia four 
limes that of the small one, or contains four times as many 
square inches, therefore, as the total pressure on each 
piston is equal to the pressure per square inch mnltiQlied 
by the number of square inchee ol BOitoRfe tA. 'Oaa -^vriws^ 
tbe water will eierdae lour timea 11i6 ^iewkvkk. oo.'Qaft^a**^ 
K 2 
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piston that it does on the smaU, or 1 lb. on the small piston 

will balance 4 lbs. on 
the large. 

The ordinary hy- 
draulic press consists 
of a cylinder with a 
piston or ram in it, and 
a force pump with a 
small plunger ; the 
force pump is actuated 
by a lever, so that first 
the pressure is multi- 
plied by the pump 
lever, and again by 
acting on the large sur- 
face of the ram. For 
example, let the pump 
plunger be i inch in 
diameter, the ram 10 
inches diameter, the 
pump lever 3 inches 
from the fulcrum on 
which it turns to the 
pump plunger, and 33 
inches from the fulcrum 
to the handle, and let 
the force on the handle 
be 80 lbs. : what will 
be the gross pressure 
on the ram? 

Eemembering that 
pj 33 the lever pressures are 

inversely as the lengths 
of the arms, and the arese oi tT^ie i^\\m^«i aa.d ram as 
the squares of their diameterB, li "P \>e \.o\a\ ^x^^s^vx^ w^. 
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ram; P = 80lb8. x ?^- X (Ml = gg- X ^^ x 100 ^ 

3 ins. (Ta)* 3 X 0-5625 

156,444 lbs. = 69-84 tons. 

There is another method of employing water pressure, 
by means of a pneumatic lift, of which a section is shown 
at Fig. 33. It consists of a cylinder, closed at the upper 
end but open at the lower, working in a well as shown. 
There is a valve in the cover, the use of which will pre- 
sently appear. The pipe a, a, », is connected with an air 
pump, by which air is forced into the cylinder, displacing 
the water in its upper part, and causing it to stand at a 
higher level outside than inside the cylinder, this again 
will cause a greater pressure on the water at the bottom of 
the well, which acting through the water upwards will press 
against the air in the lift cylinder, which will thus be raised. 
By opening the valve at the top the cylinder is sunk. 

Assuming that any required air pressure can be got, the 
limit to this machine in respect to weight raised will depend 
upon the head of water for which there is room in the well, 
the head being the difference between inside and outside 
water levels. 

One cubic foot of water weighs 62*5 lbs., therefore a 
column one foot high and one inch square weighs 0*434 lbs. 
— if then d = diameter of Uft cylinder in inches and h = 
head of water and L = lifting power; L = 0*7854 d^ X 
0-434 h = 0'34d^h. Let the diameter of the cylinder be 
20 inches, then for each foot of water, L = 0-34 x 20 x 
20 = 136 lbs. By making d z=. diameter of air pump the 
pressure necessary to be put upon its piston to give this 
head is f oimd. 

Pulleys and bopes give an increase of pressure propor- 
tionate to the number of ropes that are simultaneously 
shortened. If the rope pass over a fixed pulley there is no 
increase of pressure, only a change in tlcL<^ ^^vsti. ci\ ^^ 
force; if, however, the weight to \>e ^dteA. \a» \\>asvs?» ^"^ ^ 
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pulley carried on a rope of wliich one end is fixed above, 
it is evident that in lifting the weight the rope on both 
sides of the pulley is shortened, so the force is double, and 
the rope pulled in is twice the length of the distance the 
weight is raised, and so on. 

The TOGGLE, a very powerful machine, is shown at Fig. 
34. A C B consists of two arms AG", CB, jointed at C ; 
the end A works on a fixed pin, but at the other end B, a 




»^x^>i>>V X^.<;i.<j»gg g i^^g^j;j»ij B ^^> y >..»K^ 





Fig. 34. 

block can move on the bed or guide in the direction/. The 
power is applied in the direction of the arrow P. 

To determine the increase of pressure for any point (for 

it increases as the arms straighten, imtil when they are 

just straight it is infinite) the principle of the parallelo- 

ORAM OF FORCES must be introduced, so I will now explain 

it. Let a i and a che two forces acting at a ; complete the 

parallelogTam adde, that is, draw h d ^ataXi^ axA ^c^'a\.\R» 
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a Cy and edto ah; and draw the diagonal a d. Suppose the 
force a 5 to act first and drive a body at a to 3, then let h d, 
parallel and equal to ac, axst next, the body will be driven 
from htod and be in the same position as if it had passed 
along adf as it will if both forces act together. We can 
thus resolve two given forces into one, or one into two, tf the 
directions of the latter he given. In applying this principle 
practically, the lines must be drawn to some scale, such as 
an inch for 100 lbs. or whatever size may be suitable, and 
of course all the forces must be put down to the same scale. 
Let oey eh, be the arms of the toggle ; in the direction of 
the force P draw eg=.V, complete the parallelogram ehgi, 
then e i will be the pressure along the arm e h, at the end of 
which it acts partly to push the block towards I and partly 
to press it against the guide in the direction h m ; draw in 
these two directions lines as long as may be required ; 
draw in the direction e h continued, the line h n, making 
it equal to e t, and complete the parallelogram hlnm; then 
h I wiU be the force with which the block B is urged towards 
/. (A fuller account of the Parallelogram of Forces, and 
its proof by the principle of moments, is to be found in 
the Author's Treatise on ** Materials and Construction.") 

I now have to treat of machines acting by impact, and 
expending in a short time work which has taken longer to 
accumulate ; such as hammers, and certain punching and 
shearing machines. 

If a body fall freely there will be at any given moment 
ACCUMULATED WORK in it cqual to its weight multiplied by 
the distance through which it has then fallen unresisted ; 
thus, if a hundredweight faU 15 feet, the accumulated 
work will then be 112 x 15 = 1680 foot-lbs. ; here will be 
force 112 lbs. acting through 15 feet ; let this work be ex- 
pended in driving a pile one inch (iV foot), the average pres- 
sure on the pile will be i^ = \^^^ X \^ = ^^.Vb^"^'^, 
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Let h = height of fall and w = weight of body, then the 
accumulated work -=• wh, Knowing the laws of falling 
bodies a formula may be found, giving the accumulated 
work in any body of which the weight and velocity are 
known. 

Observation shows that a free body under the action of 
gravity falls 16*1 feet in the first second ; it is evident that 
this being the mem speed, as the speed at the commence- 
ment is 0, that at the end of the first second must be 32*2 
feet, for the average of 32*2 and is 16*1. At the end of 
the first second the distance fallen is 16*1 feet, velocity 
acquired 32*2 feet per second ; in the second interval of a 
second the body by its already acquired velocity will pass 
through 32*2 feet, and gravitation will, still acting, take it 
through another 16*1 feet and impart another 32*2 feet of 
velocity. The distance fallen in two seconds will be (32-2 
+ 16*1) + 16*1 = 64*4 feet; velocity acquired 32*2 + 32*2 
= 64*4 feet. Following this up it will be found that the 
velocity varies as the time, and that the height fallen 
varies as the square of the velocity. Let v = velocity in 
feet per second ; A = f aU in feet ; t = duration of fall in 
seconds. 32*2 is usually represented by ^ in works on 
Mechanics, representing the force of gravity. (This 
quantity varies for different parts of the earth ; it is 82 feet 
1 indi at the equator^ 32 feet 2 inches in London, and 32 
feet ii inches at Spitzbergen ; but the figures I have taken 
are sutficient for practical purposes.) From the relations 
above shown it is found that : — 

i_^^_<t> r« . 2 A y 

2 2 Ig ^ t '^^9'^ • 

< = *" = ^ = \/i^ • <i = ? = :^ ^ 2A 

9 t» "y ^ ^ i 2 A <» ' 

By substituting other values for y, these equations will 
Jiold goini for other forces. The formula for accumulated 
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work may now be transformed, wh=- ^^ - = ^^ 

— is called the mass of the body, and signifies the quantity 

if 

of matter contained in it, in regard to its relation to any force 
acting upon it ; let — = w, then wh = — — 

Whenever a mass is in motion, if the velocity be known 
and the mass or the weight, the accimiulated work can be 
determined, no matter hy what force that velocity has been 
imparted to it. Let a wheel (such as the fly-wheel of a 
punching press) weighing 500 lbs., be revolving at such 
velocity that a point in its rim will travel 4 feet per second, 

the accumulated work will be : wh = ?^ = — — = 

2ff 2x32-2 

124-2 foot-lbs. 

Let a railway train be travelling at 50 miles per hour, 

its weight being 200 tons. The velocity must be found in 

feet per second ; there are 5,280 feet in a mile ; hence v = 

50 X ^^^^ = 50 X 1-46 = 73S feet per second, and 
60 X 60 r > 

t^ =, 200 X (73-3)^ ^ jg^3j foot-tons. H this train is 
2ff 2 X 32-2 ' 

stopped by brakes in 800 feet, the retarding effort is equal 

to a mean force = 20*91 tons. 

800 

Next will be considered the forces connected with 
ROTATORY MOTION of bodics. Let us suppose a body to be 
set in motion in the direction a J, Fig. 35 ; it is evident 
that in the absence of any other force the body will move 
in the same direction continually, but a curved motion may 
be produced by causing a second force to act upon the 
body in some other direction than ah ; let the body be 
attached to one end of a string a e, then it will be compelled 

E 3 • 
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to describe a circular arc about the point e ; let its velocity 
be such that it will pass from a to din one second, then we 

may call the chord a d the velo- 

%-..«-™ .„ fi gj^^ q£ Ijj^g body, as when the 

arc is small it will very nearly 
coincide with its chord. Re- 
ferring to the diagram, it is 
evident that the string by its 
tensile resistance will in one 
second have drawn the body 
through the distance Id, hdi& 
equal \o aCy aide being a 
rectangle. Produce the radius 
ae to meet the circumference 
of the circle in /, and join 
J / dy then because the angle 

Fig. 35. a df is inscribed in a semicircle, 

therefore it is a right angle, 
and the angle daf ia common to the two triangles 
acdy afd\ hence these triangles are similar, the angle 
acd being a right angle, because cd \& parallel to ^5, 

d c d d 
a tangent to the circle at the point a\ therefore "3= — f\ 

but ad-=. Vy the velocity of the body in. feet per second, 

and if r = radius of the circle, af'=.2r; wherefore — = 

_,.•.«(? = —^ From this expression the value of the 

centrifugal force can now be foimd by proportion. The 
weight of a body is the force tending to impart motion 
towards the centre of the earth ; centrifugal force is the 
reaction of a body compelled to gyrate about a centre, 
tending to force it away from that centre ; the measure of 
tAe £rst force, th&t of gravity, ia 1^*1 i^e\. •, >i}£ia ^^^\i.^ 
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gT • -Let e = the centrifugal force, and to = weight of the 
body, then : — 



t^.. 



wv* 



161 : -L,i: w : e. .\c = 

2r* 32-2 r 

The steam-engine and some other machines have attached 
to them, as a regulator, or as a speed indicator, some form 
of the conical pendulimi ; I shall therefore here explain 
the principle upon which it acts. Let a 5, Fig. 36, repre- 
sent a wire or string 
fixed by a pin at a and 
carrying a heayy ball 
at h ; let this ball be re- 
volving in an orbit such 
as that shown by the 
circle h c, from a let fall 
a perpendicular to the 
horizon as shown at A <;, 
the perpendicular pass- 
ing through the centre 
of the circle hcj and 
forming the axis of the 
imaginary cone a h c, 
described by the re- 
volution of the arm 
a h. From the centre 
of the ball h draw he 

perpendicular \x) a dy complete the parallelogram a e If, 
there will be two forces acting on the ball h tending to 
move it about a as a centre. The weight being w it wiU 
produce a force whose moment about a = w X e h, and if 
c =s the centrifugal force of the ball the outward moment 
=: c X ea; if the ball is in equilibrium these two f orcoa 
must balance, and c xea = ioxel). \jrX» "K — ^ <>•> *^^ 
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height of the point of suspension above the plane of 

gyration ; r = radius of gyration e J, then c = g^.o r ' 
Let n = the number of revolutions per minute, v^ = 
3-1416rx2»V i wxeh wxr wxr 



( 60 );*-*«- 



c c toXv^ 

rx32-2 

32-2 X r' nc^c^ .. ^ .. / 60 



t;* 



= 32-2 X r' X (-_|2__y = 293^ feet, 

\31416rx2w/ »* ' 

, . , 2936-5 X 12 35235 . , /187-7V , , 
which = 5 = — 5— mches — i i , and by 

n^ n^ \ n ) ^ 

. . 197-7 

transposmg, n = ^ _ . 



CHAPTER Vm. 

GENERAL ARRANGEMENT OF STEAM-ENGINES. 

The power of the engine comes first for consideration. 
This can only be calculated approximately in the first 
case, although, after the engine is made, it can be 
accurately ascertained. The steam pressure is first con- 
verted into mechanical power by causing it to propel a 
steam-tight piston in a cylinder. The amount of work 
done in a given time will be equal to the effective pressure 
per square inch on the piston, multiplied by the area in 
square inches of the piston, and by the distance passed 
through by the piston ; for example, let d =: diameter in 
inches = 35 ; effective pressure of steam jt? = 80 lbs. per 
square inch, and v = velocity of piston in feet per minute 
= 400. Then area of piston = -7854 <^ = 962 square 
inches, dropping decimals, and the work done in one 
minute =j!? x «? x -7854 <^ = 80 x 400 x 962 = 30,784,000 
foot-lbs. per minute. The work which a horse is capable 
of doing is taken at 33,000 foot- lbs. per minute, hence if 

TT-D ^1, ^1, • ^i.- TT-D 30784000 

H F = the HOBSE-powEB, then m this case H P = ^oq^q 

= 933 horse-power nearly. 

The measurements requisite for determining the horse- 
power are easily ascertained, except the effective pressure 
of steam, which must be estimated according to the best 
means at our disposal lefore the engine is made ; afterwa/rds 
it can be accurately ascertained, as will be shown further 
on. 
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There are certain rules for what is called nominal horse- 
power, of no practical use, but commercially used in buying 
engines, which refer to the size of the engine and an 
assumed velocity and pressure ; this power varies from one- 
half to one-eighth of the actual power of the engines. U 
NHP = nominal horse-power, then by the ''Admiralty 

Eule," N HP = -FKoQ' Mr. Bourne's rule for land and 

paddle engines, if « = stroke of piston in feet, is NHP = 

-^, andfor screw enginesNHP= 23^. 

Having disposed of these empirical rules, I will now 
consider the question of effective pressure. 

The EFFECTIVE PBESSUBE at any moment on the piston is 
the difference between the pressures on the two sides of the 
piston ; hence it is not only the boiler pressure to be 
considered, but that at the back of the piston. Steam 
pressure is spoken of in two ways, absolute preaawre and 
preaawe above the atmoapherey the latter being meant when 
steam pressure is simply used, as that is the pressure 
indicated by the gauges and safety-valves ; when " abso- 
lute pressure" is meant it is specially stated so. The 
difference between the two is generally taken as 15 lbs. 
per square inch, which, though not absolutely accurate in 
a scientific sense, as the pressure of the atmosphere varies, 
is sufficiently near for all practical purposes. 

There are two distinct classes, to one of which every 
steam-engine is referable, condensing engines and non- 
condensing ENGINES ; in the first the steam, after doing its 
work in the cylinder, passes into a vessel called the con- 
denser, where it is condensed again into water, and in 
which a more or less perfect vacuum is maintained. What 
the pressure in this vessel lacks of atmospheric pressure, 
js called the amount of vacuum ; thua ioT malaiia^, \i^^Wvv 
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the atmospheric pressure is 14*7 lbs. per square inch, the 
absolute pressure in the condenser is 3 lbs., we should 
have 14*7 — 3 = 11 '7 lbs. of vacuum. In the non-condens- 
ing engine the steam leaving the cylinder escapes into the 
air. 

The steam pressure in the cylinder must be less than 
that in the boiler, loss arising from friction in the pipes 
and sometimes from cooling on the way. The pressure at 
the commencement of the stroke of the piston in the cylin- 
der is called the nariAii pbessube, and an average of all 
the pressures at every point of the stroke is called the 
MEAN PBEssuBE. In coudeusiug engines, for the effective 
pressure there must be added to the mean pressure the 
mean vacuum ; and for non-condensing engines, from the 
mean pressure must be deducted the mean back pbessube, 
being that due to the resistance of the escaping steam. 

The steam may be used by working it at the full pres- 
sure throughout the stroke, or by cutting off the supply at 
a certain part, and letting the remainder of the stroke be 
made by the expansion of the steam already in the cylin- 
der. The law of a perfect gas is, at a constant tempera- 
ture, that the volumes vary inversely as the pressures; 
now steam is not a perfect gas, nor is the temperature 
absolutely constant in the steam-engine, but with the 
working margin that exists, it is near enough for practical 
purposes to regard it as a perfect gas in determining the 
size of an engine for any required power ; in applying this 
mode of calculation the total or absolute pressure must be 
taken. If steam at 60 lbs. be expanded to twice its 
volume, this would give 30 lbs. at the end of such expan- 
sion, but reference to a table of volumes and pressures 
will show that the pressure when the volimie is doubled is 
about 28 lbs. 

Let us suppose the stroke to be divided into 20 eo^ijjal 
parts, and steam let in at the im^aX ^x^^awx^ \sst "^^6 "tsc^ 
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half or 10 parts ; then for the end of each following 10 th 
part, if the initial pressure be 60 lbs., the pressures shown 
by the rough approximation given above are shown in 
column A in the following table, and those found from a 
table of volumes and pressures are given in column B. 



At H of the stroke-pressure 
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»♦ •» 
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• > >> 
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9 ^ • • 
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>> »» 
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if *f 



60 xi? 
60 xi^ 
60x1^ 
60 xi^ 

60 xH 
60 xn 
60x1^ 
60x1^ 
60xi§ 



A 

lbs. per 
sq. in. 

64-5 

600 

46-1 

42-9 

400 

37- 

35- 

33- 

31' 

30- 



•6 
•3 
•3 
•6 
•0 



B 

Ibfl. per 

sq.'m. 

64-3 

600 

45-0 

41-6 

38-4 

35-9 

33-6 

31-6 

29-8 

28-1 



Average . 



10)401-2 10)388-2 



40-12 



38-82 



Taking the least, the average pressure is 38-82 lbs. 
absolute per square inch for the second half of the stroke, 
the pressure for the first half is 60 lbs., hence average for 



the whole stroke 



60 + 38-82 



: 49-41 lbs. ; deducting at- 
mospheric pressure, there is left 49-41 — 15 = 34*41 lbs. 
per square inch mean pressure above the atmosphere. To 
this is to be added the vacuum, or from it deducted the 
back pressure, as the case may be, for the mean effective 
PRESSURE per square inch of piston. 

The advantages of working steam expansively are very 
obvious ; for instance, in the example taken aU the work 
done in the second half of the stroke is a gain upon what 
would be obtained if the steam were worked solid through- 
out. 
I have Bhown above that the general expression for 
horae-power is : — 
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33000 42000 

0-000024 pvd^ (nearly). 
From which by transpositioii the following formulaB are 
obtained : 

_ 42000 X HP , __ 42000 X HP . 
^ vxd^ ' ^ pXd^ ' 

'42000 X HP 



<^=x/- 



p X V 

Assume the engine to be non-condensing and to have a 
back pressure of 2J lbs. per square inch, and the mean 
boiler pressure above the atmosphere, 34*41 lbs. per square 
inch. Let the velocity of the piston be 200 feet per 
minute and the gross horse-power required 60. Then 
p = 34-41 — 2-5 = 31-91 lbs., and 

^ = V lv^lxZ = ^^ = 20-32 ^ 201 in. (nearly). 

If space does not prevent it the stroke should be made 
about twice the diameter, then it will be, say, 3*5 feet, and 
as there are two strokes for each revolution of the main 
shaft the number of revolutions per minute will be, if 
* = stroke in feet, and n = number of revolutions per 
minute : — 

« = _L = _^_ = 28-57. 
2 « 2x3-5 

It will be seen, that so long as the parts of the engine 
are made strong enough the power depends upon the 
supply and pressure of steam, so that the boiler becomes 
the real measure of the horse-power available, but the 
engine must of course be designed for the maximum horse- 
power at which it may be worked. The power of an 
existing engine is determined by means of an i£L&tE.\ycs^<sc^ 
called an indicator. This, in ita coTQSsioxL Iotcccl, ^j^raK^^a^ 
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of a small cylinder, which may be attached to either end 
of the working cylinder by suitable connections, and con- 
tains a piston fitting accurately, but without packing, so 

• that its motion may be as nearly without friction as pos- 
sible. The indicator piston is held in position when at 
rest by a spiral spring, carefully made so as to compress 
or extend through equal distances for equal additions of 
pressure. When this instrument is in communication with 
the steam cylinder, its piston will rise and fall with varia- 
tions of steam pressure, or of vacuum, and a pencil being 
carried by its piston-rod will mark these variations on a 
piece of paper against which it is held by a spring. The 
paper on which the indioator diagram is to be drawn is 
attached to a barrel, which revolves to and fro by means 
of a cord wrapped in a groove at the bottom of the barrel, 
and having its free end attached to some part of the 
engiae, which will give, the proper amount of movement or 
travel to the paper; the return motion of the paper is 
obtained by a spring within the barrel. These indicators 
must be very carefully made and accurately adjusted, and 
even then they are not all that can be desired. There 
must be some friction with the piston, and if the steam be 
dirty and carries dirt into the indicator cylinder, serious 
interference with its action must ensue. The piston and 
rod in reciprocating acquire some momentum, which tends 
to carry the pencil beyond the point corresponding to the 
pressure, and so give a jerky line. This has been reduced 
in Richards' s Indicator, where the piston has a very short 
stroke, the necessary length of travel being given to the 
pencil by a suitable lever arrangement; this is a great 
improvement upon the old-fashioned indicators, but stiU it 
retains the piston. 

There has, however, been recently invented a very in- 
g-enioua form of indicator in which the piston and spiral 

spring are dispensed with, it ia "kxiowa. ^a tos^q^^^ ^\^- 
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TONLESS uiDiCAJOB., the principle of vliich I will now ex- 

If steam under pressure be admitted into a closed 
cmred tube, it will tend to decrease the curvature of tlie 
tube, ae by etraigbtening it the capacity is increased ; such 
straightening is resisted by the elasticity of the material of 
which the curred tube is made, and the amount of alt«ra- 
lion of shape will thus correspond to the pressure of the 
steam within the tube. By the action of such a curved 
tube the pencil is moved in the indicator under considera- 
tion ; it is shown 
in elevation at Fig. 
37. a is the con- 
Doction for attach- 
ment to the main 
cylinder of the 
Bt«aia-engine, J e the 
curved tube of which 
one end is in com- 
munication with the 
cylinder and the 
other is dosed, 
the dofled end e _ . 
a lint erf attached Kg. 87. 

at rf to a lever ef, 

which lever moves about a fixed centre at e ; the other end 
/ is jointed to the upper end of a lint/ir, of which the 
lower end g is jointed to the link g h, moving upon a fixed 
centre at A. At i is the pencU which marts the diagram 
on a paper carried'on the drum j'j- The position t is so 
chosen that although the points / and g move in circular 
arcs, the point i moves in a straight line. This arrange- 
ment is called a parallel motion, the principle of which 
will be described further on, it ia a. oot\ ^wtk^v*- "t««*^ 
tbe puUey at the bottom oi the \«irE©\ j j t^*i\«.T:^*- « 
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disengaged from this pidley by the liandle /), and carried 
to some moving part of the engine, mm ia the frame 
upon which the parallel motion is mounted. At the first 
glance we cannot fail to be struck with the extreme 
elegance of this instrument, and indeed it seems replete 
with the elements of perfection ; the only friction about it 
is in the joints of the motion, there being no piston there 
can be no sticking or jumping, and although the curved tube 
must be very carefully made and adjusted, the apparatus 
is supplied at a very moderate cost. 

In Fig. 38 I show three diagrams (reduced to half-size) 
taken by Kenyon's Indicator. A refers to a Corliss MiU 
engine; B and C are from the high and low pressure 
cylinders of a compound marine engine. In each diagram 
a a IB the atmosphere line. Now taking diagram A we 
find at the point g a steam pressure represented to scale by 
the line ^, and below a vacuum represented by the line /. 
Let us foUow the course of the line traced by the indicator 
beginning at h ; the steam entering the top of the cylinder 
of the steam-engine (by its action in the tube he oi the 
indicator) drives the indicator pencil up to c ; as the piston 
of the engine moves this pressure falls to the point d, 
where the steam is cut off, the remainder of the stroke 
being made by the expansion of the steam already in the 
cylinder. The falling of pressure from cto d appears to 
be due to insufficient area in the steam passages, for the 
initial pressure should be indicated up to the point of 
cutting off the steam. From d the pressure sinks, crossing 
the atmosphere line down to h ; then the exhaust valve is 
opened and the piston having finished ifs stroke coiflmences 
its return ; the boiler presst^re being now on the other side 
of the piston, when the piston on this return stroke has 
reached a point corresponding to ^, the exhaust valve is 
closed and the pressure rises, by the compression of the 
vapour left in the steam cylinder. It ^s<n!!k\. itom \}C!Cia\>^ 
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seen tliat the work indicated by that part of the diagram 
below the atmosphere line reaUy belongps to the up steam 
stroke, but assuming the action of the steam to be the 
same at both ends of the cylinder, we may add this action 



SCALK 40 LBS-I INCM 





Scale 24- lbs- I inch 




a 



Fig. 38. 

to the upper part of the diagram, and in fact if we have 
diagrams of both ends of the cylinder and treat them both 
alike, what we take from one is given to the other, hence 
in practice the ordinate e+/ \a \ak6CL iort HJel^ ^*&s!5&c\^ 
preBBure corresponding to tiie pomt g . 
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To find then the mean steam pressure, the mean of all 
such ordinates as ^ + / must be taken : this is found by 
drawing vertical lines at equal distances through the dia- 
gram and taking the mean of their lengths, or more accu- 
rately by determining the area of the diagram and dividing 
it by the length, then the mean pressure is found. Thus 
in fortieths of an inch the area of the figure cdhlva 1782 ; 

1782 
its length is 96, and q^ = 18*5 lbs. per square inch. 

In using very high degrees of expansion, it is evident 
that there will be a great variation in the force acting on 
the piston during the stroke, and this may be in some 
measure reduced by working with two or more cylinders 
of different sizes. In this arrangement the high-pressure 
steam first enters the smaller cylinder, and having done 
its work there expands into a cylinder of larger diameter ; 
here the back-pressure in the high-pressure cylinder is 
equal to the steam pressure in the low-pressure cylinder. 
The steam passages between the cylinders must be made 
as short as possible, so that the steam shall not uselessly 
expand much in passing from one cylinder to the other. 
These are called compound engines. 

The action of the steam in such an engine is shown in 
diagrams B and C, Fig. 38. 

In the diagram B it will be noticed the pressure does not 
fall to that of the atmosphere ; there is a hack-pressure^ g, 
which corresponds to the initial-pressure, /5, in the low- 
pressure cylinder, in which the greater part of the energy 
is obtained by the vacuum. 

The diagrams B and C were taken from the engines of a 

steamship making 80 revolutions per minute; the steam 

pressure being 70 lbs. per square inch, vacuum 25 inches 

of mercury, or 12 J lbs. per square inch. The mean 

elective presaure from diagram B ia 36*2 lbs. per square 

jjieli ; that from diagram 8*7 YbB. pex aquax^ mOa.. 
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From what I have here explained it will be seen that 
from an indicator diagram (taken by a reliable instrument), 
not only can the actual power of the engine be determined, 
but if there is any defect its position is shown. 

Engines have also been made in which the piston rotates 
about a centre instead of moving in a straight line, the 
idea being to get rid of the loss of energy due to the 
reciprocating movements, for of course the momentimi in 
the moving parts must be destroyed and renewed at every 
change of direction. These engines have not proved 
practical successes, but I wiU here give a formula for 
determining their power. Let r = distance in inches 
from centre of revolution to nearest edge of piston ; E = 
ditto to farthest edge of piston ; h = breadth of piston in 
inches ; p = effective pressure of steam ; and n = number 
of revolutions per minute: — 

Area of piston in inches = 5 (R — r) ; and mean space 

passed through by piston in one revolutions ^^ — ^tL?2 

feet = 0-2618 (R + r) feet. 

Then HP = J (R — r) X 0-2618 (R + r) x -^-^ = 

^ ^ V -r ; ^ 33000 

n p h 
126050 (-^^ "" ^')* 

Having considered how to proportion the size of the 
cylinder to the power required, I will now describe the 
methods of transmitting such power from the part on 
which it acts immediately to the point at which it is to be 
expended. 

Fig. 39 is a vertical section of an ordinary steam cylinder 
with its contained piston and piston-rod. A B C D is the 
steam cylinder made with covers at the top and bottom, 
the top cover having an opening in it through which the 
piston-rod /passes steam-tight-, tins ToA.\aT^^^%3i5k^\si 
ibe piston e, which moves Bteoai-^^lQ^ m HSs^a ^-^vssiSvsst, 
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The piston-rod is surrounded by 

greased hemp or other pacting, 

fp^-,., B tightly pressed in the box on 

1 ^ the cylinder cover, and the piston 

is packed in a manner to be 
described further on. 

In the first place let the 
point of application of the power 
be required to move in a straight 
line, then the piston-rod may 
act directly upon the work, or 
it may operate through the in- 
tervention of a beam ; but if 
this latter arrangement is em- 
ployed some means must be 
Q taken to enable the head of the 
Fig. SO. piston-rod to move in a straight 

line, although the end of the beam moves in a drcular arc, 





/(«• otberwiae the pielon-rod -woiiVA "be ViA B.V. ft^ft t^A 
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stroke. The means of effecting the desired end are very 
nmnerouSy but I shall here only describe some of those 
that have been found practically efficient. The simplest 
method consists in so forming the column ah, Fig. 40, 
which supports the bearings upon which the main beam 
oscillates, that it may vibrate upon an axis placed at h, the 
lower extremity, whereby that end of the beam to which 
the piston-rod is attached is allowed to adjust itself. The 
extremity of the beam is caused to move in a practically 
straight line by the link cd, 
which works on a pin c, on the 
beam, and on another in the 
fixed framing at d id. the same 
vertical plane with the piston- 
rod. The action of this con- 
trivance LB illustrated in Fig. 
41. The full lines represent 
the bars of the parallel motion, 
as it is called, at mid-stroke, 
when they will be parallel to 
each other; the dotted lines 
will show their position when 
the stroke has been continued, 
in one direction or other, for a 
short distance. 

The head of tiie piston-rod is attached to the rod a h, &c., 
at a ; this bar is at b jointed to he, working on the fixed 
pin at e; it will be seen that by as much as the point 
a would be moved to the left by the vibration oi ab 
the point h is brought to the right by tiie vibration of b e, 
and thus an almost perfectly rectilineal motion of a is 
obtained. 

The foregoing arrangement is only suitable to light and 
slow-moving machines, as in heavy 'msjc&mi.^rs ^^<^ ^i^^*^^^^- 
tioa of the beam, and rocking-^posl nhBl ^5«^ ^c«ft \ft *^»^ 




Fig. 41. 
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much vibration. Fig. 42 illustrates another form of 
parallel motion, commonly used for beam-engines, which 
combines in itself the properties of two parallel motions ; 
the first, which is identical in its action with that described 




Fig. 42. 

above, corrects the deviation of the top of the piston-rod. 
It is formed by the bars ah, he (one is behind the other 
in the Fig.), of which a his attached to the main beam by 
the parallel links ac, hd. At some point in the linV hd, 



o^ 




•••.. 









30 



Fig. 43. 

depending for its position on the ratio of the length a 5 to 
the diatance from d to the centre on oscillation of the beam, 
2t8 movement will also "be xectiAm^?!, «ub is more clearly 
^ustrated by the diagram, ¥ig. 4^. al \a oiift-V^ ^\SW 
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main beam, working upon a fixed centre at 5 ; cdis a link 
of equal length, working upon a fixed centre at d ; the 
extremities of the two bars are connected by the link a c, 
the whole being so adjusted that at mid-stroke the angles 
h ac, dcOy are right angles ; then by the oscillations of the 
arms a h and c d, the extremities of the link a c are caused 
to deviate in opposite directions. The dotted lines show 
the paths of various points in the motion ; and as a point 
in the centre of the link ac i% approached this motion 
becomes more nearly rectilineal. If the arms al, cd, be 
not of equal length, it is evident the point of rectiHneal 
motion will not be at the centre of ac, but nearer the 
longer arm. A motion with unequal arms is shown in 
Fig. 44, the dotted lines representing, as before, the patibjs 




Fig. 44. 

of various points in the motion. In American practice it 
has been customary to use the link a c, Fig. 42, and 
regulate the motion of the top of the piston-rod by guides. 
This is cheap and accurate, but unsightly and inelegant. 

It most frequently happens that the motion of machinery 
to be driven by steam-power is rotatory, ^\i<eti. S.\» ^«=^\i^ 
necessary to adopt some contrivance to eiOK^^t^. *Osi^ x^i^-^- 

p 2 



100 MECHANICAL ENGINEERING. 

eating rectilineal motion of the piston into a rotatory 
motion. 

There are various ways of attaining this end, but 
putting aside exceptional cases it is always effected by 
the use of the crank, the action of which I will now 
explain. 

In Fig. 45 let a represent the head of the piston-rod, 
which is guided so that it can only move in the direction 
of the straight line ah. Let ^(; be a crank capable of 
revolving about the point 5 as a centre, the extremity c 
describing the circle c efg. The end of the piston-rod is 
connected with the end c of the crank by a connecting-rod 




Fig. 45. 

a Cy the joints a and c being made by pins, about which the 
connecting-rod can move freely. K the point a be sup- 
posed to move forward in the direction of the arrow, the 
end c of the crank will describe an arc from c towards d, 
until it arrives at the point ^, which is in a straight line 
with a h. Then it is evident that in whichever direction 
the piston-rod head at e tends to move, no motion can be 
produced in <?, as the force will act at right angles to the 
direction in which e can move. If <? be carried past this 
point, and a motion the reverse of the former be imparted 
^ a, the end c of the crank will pass through the semi- 
circumference efg ; and upon arriving at the point g we 
&2d that thiB, like e, is a point oi uo motVoiL. 'I\i'5> \cl^»2cl% 
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used in practice to « 

caxTfthe crank past 
these points of no 
motion, todmicaUy 
called dead points, 
will be explained 
sabeeqaentl;, and I 
Bhall at preeent con- 
fine my remarks to 
the action of the 
crank in vaiying the 
moment of the force 
Beting about its 
centre. 

In Fig. 46 a is the 
head of the piston- 
rod, b the centre upon 
which the crank re- 
volvee, and e and d 
the dead points, a d 
is the connecting- 
rod ; the position 
wheo the crank is 
npon the dead point ■. 
d IB shown by the ^c, 
full lines. 

The drcle, which '=i 
represente the path 
of the end d of 
the crank hd, ia 
divided into eighteen 
parts in order that 
the variation of the 
moment of force 
tzananitted to the shaft, upon w\uch,lii» ctBa&.SafeMft-i"'^*^ 
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be examined at difPerent parts of the stroke. I shall now 
examine the case for the points ^,/, g, A, in the first quadrant 
of the circle, but include the positions 5, showing the position 
of the crank when at right angles to the straight line a h. 
The static force in each position of the connecting-rod is 
determined by the principle of the paraUelogram of forces. 

The length of the connecting-rod being constant, the 
position of the head of the piston-rod corresponding to 
each of the points e, /, ^, &c., is found by marking off from 
those points, upon the line a h, distances e o, fjp, &c., each 
equal to the length of the connecting-rod. The first step 
consists in the resolution of the strain in the directions of 
the axis of the piston-rod and a line at right angles to the 
guide, on which the piston-rod head moves. It may be 
thus concluded that for any position, such, for instance, as 
that corresponding to the point ^, the relative values of 
the forces will be represented by the sides of a right- 
angled triangle, formed by the length and position of the 
connecting-rod g qy the perpendicular let fall from the 
point g upon ah, in. this case g I, and that part of the line 
a h which is contained between the end of the connecting- 
rod and the perpendicular g I. 

Let P represent the total pressure on the piston, and 
therefore the force acting in the direction ah, then the 
resolution of this force will be as follows : — 

The pressure on the guide blocks 

= Px 1^. 
Iq 

That on the connecting-rod will be 

= px4£. 

Iq 

But qg is constant ; let it = L, then the force upon the 
eoaaeoting-rod 

_ PL 

-77- 
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In OTdar to find the moment of this force about the centre 
i, prodnce the line ^ 

jg, and from the 
point b let fall 
upon it tlie per- 
pendicolar i t ; 
then will I f re- 
present tlie dis- 
tance at which the 
force acta, and the 
moment about h 
will be— 
PL . 



lb 



iht. 



Tn a Bimilii.r 

manner tlie mo- 
ment of force may 
be fonnd for other 
poBitionB. 

The lower quad- 
rant, immediatoly 
beneath hi, will 
exhibit the same 

mainlng two qoad- 
rauts being' dif- 
erent. Having 
fonnd a method 
of calculating the 
moment, it will be 
iuBtruddTe to draw 
the cmre des- 
cribed by the 
point t. 
Let ab. Fig. 47, be tiie strai^^ W« 
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of the piston-rod moves. The change of force due to the 
position of the crank must first be determined, that on the 
connecting-rod being for the present supposed to be con- 
stant ; then the point upon which the perpendicular to the 
connecting-rod falls wiU, at each point of intersection, 
there being fourteen intersections, pass through the points 

^f h Jt K h ^f ^^^ ^ J ^^^ ^ ^^ lengths of these perpen- 
dicidars be laid off radially from the centre e, along the axis 
of the crank, for each position we obtain the fig^e 

The force on the connecting-rod is not, however, constant, 
but varies as its length divided by the horizontal distance 
between its extremities. 

The relative value of the moment actuaUj acting upon the 
centre e, for any position of the crank, may be found, when 
the pressure in the direction ah \b constant, by multiply- 
ing the length of the perpendicular by the relative pressure 
on the connecting-rod, the result being represented geome- 
trically by a rectangular or triangular surface. At Z, Fig. 
48, is shown an enlarged view of the figure efg d, in which 
the moments are represented by rectangles. If triangles be 
taken instead and placed with their apices meeting at e, the 
total sum for every position of the crank in the semicircle 
may be represented by a solid fig^e, such as that shown at 
Z'. If a longer connecting-rod be used, the perpendiculars 
for all positions in the semicircle nearest the piston-rod 
will be shortened, those on the opposite semicircle being 
lengthened, and the figure efg d will more nearly approach 
a symmetrical form. Therefore the longer the connecting- 
rod the more uniformly will the engine work. 

In the oscillating engine no connecting-rod is used, the 

cylinder being carried upon trunnions in bearings upon 

which it can rock, to adapt the position of the piston-rod to 

tliat of the crank. In this case there is no correction to be 

made for the varying angle of the conii^e\Mi^-To\, ^si \X\^ 
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TBryiiig lengths of the perpendiculars only have to be con- 




mdered. The curves applying to toft ca»» ^^^ 5o»-«-q. -^ 
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The 



Fig. < 
point a is tlie 
axis upon which 
the cylinder 
vibrates; be the 
curve described by 
the points upon 
which die perpen- 
diculars fall for 
each position of 
the crank; »fdg 
exhibits the vaxia- 
tion of the ulti- 
mate moment of 
power about the 
centre e for one 
stroke. It is evi- 
dent from these 
diagrams that the 
action of the oscil- 
lating engine is 
more uniform than 
that . of the fixed 
cylinder engine, as 
the solid illustrat- 
ing the action of 
the crank in the 
"^ former machine 
will be of uniform 
thickn ess through- 
out. In these in- 
vestigations relat- 
ing to the action 
of the crank I 
have assumed the 
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effective pressure on the piston uniform througliout the 
stroke. 

When a beam-engine is used to give rotatory motion the 
piston-rod is connected with one end of the beam, and the 
connecting-rod with the other. 

The pumps consist of cylinders fitted with plungers ; their 
action will be described subsequently. 

The valves regulating the admission and emission of 
steam to and from the cylinder are automatically worked 
by the engine itself, the motion being generally imparted 
through an excentric wheel fixed upon the main shaft of 




a 




Fig. 60. 



Fig. 61. 



rotatory engines; the excentric is shown, Fig. 50. Its 
action is equivalent to that of a crank, which crank is 
indicated by the dotted lines. 

When an intermittent motion is required, a contrivance 
called a cam is made use of, one form of which is shown, 
Fig. 51. The extended part a of the cam lifts a lever at 
every revolution, the lever falling as soon as this part of 
the cam has passed. 

The last part of the steam-engine to be mentioned in 
this chapter is the fly-wheel, used to regulate the motion of 
the machine, by absorbing the energy during some parts 
of the revolution and giving it up during other parts. 
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DETAILS OF STEAM-ENGINES. 



Oyundees and Valves. — Cylinders are divided. into two 
classes, fixed and oscillating. Fig. 52 represents a vertical 

section of an ordinary fixed 
cylinder, taken tlirough the 
centre in such a direction as 
to show the steam passages ; 
(» is the body of the cylinder, 
h and c are the covers. The 
ends of the passages through 
which the steam passes from 
the steam-chest to the interior 
of the cylinder are shown at 
(^and By /showing the entrance 
to the exhaust-pipe through 
which the steam, having 
done its work in the cylinder, 
escapes to the condenser or 
atmosphere. These entrances 
are called ports. -The body 
of the cylinder is made with 
rims (called flanges) at the top and bottom, to which the 
covers are attached by bolts and nuts at ^^ gg. 

Fig. 53 is a vertical section of an oscillating cylinder, 
taken through the trunnions upon which it vibrates, and 
through which the steam passes, on one side from the 
holier, on. the other to the condenser or atmosphere ; cc cc 




Fig. 62. 



STEAM CYLINDERS. 



109 



are the flanges, the covers are not shown ; a and h are the 
trunnions, diametrically opposite each other, and haying 




Fig. 63. 

turned parts, called journals, which rest in the bearings 
upon which the cylinder oscillates. 

Fig. 54 is an horizontal section of the cylinder taken 




Fig. 54. 

through the band that conducts the steam from and to the 
trunnions ; a and e are the trunnions. The steam from the 
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boiler enters tlie steam chest at c, and that leaving the 
cj'linder exhauBte throug'h the port d and the trunnion «. 

The STEAM POETB attached to and forming part of the 
cylinder are shown, Fig. 55. A is a section taken through 
the cylinder, that part only which shorn the ports being 
illustrated. B is a front elevation of the ports, and C a 
section on a plane cutting the steam passages Tertically ; 
a is the interior of the cylinder ; b and e ore the steam ports 
or external openings of the steam passages, which aid 




Fig. BS. 

made narrow in order that they may be opened and closed 
by a slight movement of a plate lying over them, this 
moving in the direction S c ; / is the port into which the 
exhaust steam passes, and whence it escapes by the exhaust- 
pipe y. 

The THicKNESB OF METAL iu the cylinder must be propor- 
tioned to bear the bursting stress, and also the vibratory 
Btralas to which that detail is ' subject. The following 
formula ie baaed, upon enginea ioond -^Tactically aatis- 
factory. 
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Let t = thickness of metal in eighths of an inch ; d = 
diameter of cylinder in inches ; p = maximum pressure in 

lbs. per square inch, then t = -^— + \/X 

WBOuaHT-ntoN Bolts for Cylinder Covers. — ^Let n = 
number of bolts in cover, D = diameter of bolts in inches ; 

D = ----a/J^ The thickness of the nuts is usually 
75 V n 

made equal to the diameter of the bolt. 

Cylinders and Chest Covers.— Let t = thickness in 
inches ; if curved, e = rise of cover in inches ; ^ = ^ 



14400 e 

and c = — ^- If flat, let / = length of shortest side 

14400 r ® 

(or diameter if circular) in inches ; < = - \/^ 

Area of Steam Ports. — s = speed of piston in feet per 
minute ; p = absolute pressure in lbs. per square inch in 
cylinder ; P = absolute pressure in lbs. per square inch in 

boiler ; a = area of port in square inches, a = ^ - X 



The drawings being prepared, the pattern maker will 
proceed with the template and core-boxes; if large the 
cylinder will be cast in loam, otherwise it may be cast in 
sand. The cores for the steam passages should not be 
carried quite through the metal, a film being left so that 
the port edges may be cleanly cut on the port faces. The 
modes of casting are described in Chapter HI. The 
cylinder being cast and trimmed., ^a^^^^ ydXr^ *^^\iasiS^ ^ 
the turner, to be bored and liave ^^ ?Laa^^ ^a.^'^S^.*^ 
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lathe. The horing head used is shown, Fig. 56. It is of 
cast iron accurately bored in the centre and turned on the 
periphery. The boring bar upon which it travels is shown 
by the shaded part at /; e^ e^ e, &c., are slots in which the 
boring bits are fixed by wedges, the boring head being 
slightly less in diameter than the cylinder to be bored. 
The head is first used with the bit shown at a and J, which 

acts almost as a scraper, but is 
sufficiently accurate in its action 
to take the rough cuts. 

The finishing cut is taken with 
the point tool shown at c and d ; 
and in taking this cut it must 
be remembered that, as by the 
friction of boring the cylinder 
becomes heated, the operation 
should not be stopped (for a 
sufficient time to allow it to cool 
and contract) imtil the cut is 
taken right through the cylinder. 
It will be found that leaving 
the film of metal over the ends 
of the steam passages facili- 
tates the boring and prevents damage to the tool, by 
coming in concussion with the edges of the holes that 
would present themselves were the passages carried 
through in the casting. The interior of the cylinder 
finished with the point tool presents the appearance of a 
screw of extremely fine thread, hence at first there is a 
great deal of friction between the cylinder and the piston. 
In a few days the roughness wears off and the inside of 
the cylinder becomes smooth and bright. A friction dia- 
gram, that showing the steam pressure requisite to drive 
the engine unloaded, should therefore not be taken until the 
engine has been at work a week or two. 



Fig. 66. 
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After boring, the flangea of the cylinder mnBt be "faced," 
which may be done by attaching^ a. temporary alide appa- 
ratus to hold the cutting tool, in order to allon' a motion of 
the same from the interior towards the exterior of the cylinder, 
the cut being comnionced at the internal edge of the flange. 

The port faces must now be planed, and then faced by 
the proceeaes previouBly described, up to a tnie surface, 
and such bolt holes as are required drillod. 

If the cylinder is intended to oscillate the trunnions 
must be accurately turned inside aad out. The cylinder 
covers must be faced to fit the fiangM of the cylinder, and 




Fig. 67. 

also turned on the periphery. An end view of the cylinder 
and plan of the bottom cover are shown, Fig. 57- The 
bolt holes must be drilled in the covers to correspond with 
those in the cylinder flanges. 

I will now describe the stdffikg box and olamb through 
which the piston-eod passes, first, however, giving a nie 
for finding the diameter of the latter. (This diameter will 
also do for the connecting-rod.) D = diameter of piston- 

r*>^; I* = -Tn -^ P- ^^- ^8 shows a vertical section of a 
stuffing-box and gland, ed is the rod which is required to 
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work air and stoam tight througli the plate a h. Upon this 
plate, and in one piece with it, ia cast a cylindrical box, 
with a flange »/; this, which is the stuffing-box, ts 
bored at the bottom to fit accu- 
rately the rod a d, being at ttie 
npper part bored out larger, as 
shown, so as to have a cylindrical 
cavity round the piaton-rod. To 
this box is fitted the gland, with 
a fiange g h, which gland is bored 
throughout its length to fit e d, 
and its exterior surface turned to 
fit easily in the stuffing-box, A 
1 closed space (' (' will then exist 
around the rod c d, and t^i" is 
filled with greased hemp or other 
&t«am-tight packing. 

ThepacMngis preaaed against 
the rod c d, by forcing the gland 
into the stuffing-box by means of bolts connecting the 
!B ffh and e/; or in small boxes the gland has a thread 
cut on it to £t one cut in the 
stuffing box, so that the former 
can be directly screwed down 
on the packing. 

Figs. 59 and 60 show sec- 
tions of two kinds of trunnions, 
upon which the cylinder oscil- 
, lates, and through which the 
steam passes, de is a portion 
of the cylinder, c the steam 
band surrounding it, i the 
interior of the trunnion, A A the portions embraced by 
tho trunnion bearings whereby the cylinder is supported, 
1" the extremity of the steaan-'pi'je. Ike ^jiaaa~'^\^ 
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is at rest, wliile the trunnion oscillates bo that it has 

a circumferential motion about the steam -pipe. In 
Fi^. 59 the joint is made steam-tight by enclosing' the 
extremity of the steam-pipe in a stuffing-box, as shown. 
In Fig. 60 the steam-pipe and 
trunnion are faced, and a steam- 
tight joint made by a spring 
ring in the groove ti. The ^1 
former arrangement is least 
liable to get out of order. 

I shall now describe someof the 
various forma of sude-taltes, 
used for regulating the passage 
of &e steam to and from the ^ 
cylinder ; first giving a rule 
for the diameter of the valve- 
rod. Let I = length of slide in inches ; b = breadth of 
slide in inches ; D = diameter of rod in inches : 

T)— ^ I h p 
100 
Fig. 6 1 shows the simplest form of slide-valve in vertical 
section, and also the valve itself in plan or back view. 
This valve is a box rectangular in form, as shown at//* ; 
h' is the valve-rod, having a head to slip into a recess in 
the valve, so that although it drags the valve back and 
forward on the port faces, does not lift it of them. In the 
vertical section a i is part of the interior of the cylinder, 
the steam passages opening into it at a and b; ^ is a part 
of the piston ; c and d are the external steam-ports, e being 
a port leading to the exhaust (for front view of port faces 
see Fig. 55) ; upon the port faces the box // slides ; its 
width is sufficient to cover the ports, and its length such 
as to cover one steam-port and the exlui.M.«V^cn\.. V^S^'Sq.^ 
ateam-cbeat bolted to the port ta<»B, aa\ '«*» -«"^e>s. SSi*. 
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ateam esters from th.e end of the steam-pipe, bIiowh at I. 
The valve-rod ■works through a, stuffing-box at n. The 
valve is kept up to the port faces by the pressure of steam 
in the cheat k l, which is always in excess of that within 
the valve, the inside of which la alwayg in communication 
with the exhaust-fiort, e. When the valve is in the position 
shown, the steam is passing from the chest kh into the 
bottom of the cylinder through the passage d I, the steam 




Fig 61. 

from the top of the cylinder ia exhausting through the 
passage a c and the inside of the valve and the exhaust- 
port e. When the valve is moved into the position of the 
dotted lines g, the direction of the steam will be from the 
chest to the top of the cylinder, and from the bottom of 
the cylinder to the exhaust. Thus by moving the valve 
alt0raa,te recipTocating motion ia given to the piston ; but it 
fs neaeaa&ry the valve should so opm ftia^ tVft engiiia aMaisA 
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reverse the motion of ite fly-wheel at the end of the etroke j 
for this purpose the valve is made to open a little before 
the piston reaches the end of its stroke ; the valve is, in fact, 
in advance of the piston, and 'were the engine accidentally 
to reverse, the valve would turn back and doae the port it 
had abeady partly opened, re-opening the one it had just 
closed to the steam. This is called giving lead to the 
valve, and the direction of motion of the engine will 
depend upon the direction in which this lead is given. 
We can then reverse the engine by shifting the excentric 
on the shaft, or by means of a link-motion, to be subse- 
quently described. 

In order to cut ofi the steam at an earlier period than 
would be done if the 
valve edges only just 
covered the ports, these 
edges are extended, as 
shown, ^ving what is 
called LAP to the valve. 
This does not allow a 
variable expansion in 
working the engine, 
which if required must 
be obtained by an inde- 
pendent valve, cutting 
off the steam before it 
reachw the ordinary 
slide-valve, and known 
as an expansion-valve. 
In some eng^es (such 
as locomotives) these 
valves are made very 
short, in order to reduce 
their travel ; the slide is then surrounded by a sw^ia-t^^swias. 
/armed on the slide-rod, ttie \sMjst Iw \>^KKt ^5.»iis» 
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pasBing through both ends of the steam-chest, or valve- 
jaoket. Such a valve is shown, Fig. 62 j a is a vertical 
sectioii, hb & front elevation of the ports, o an inside view 
of the valve, and d the slide-rod aud frame. 

Mg. 63 shows vertical and horizontal sections of a long 
form of slide-valve; 
it is a tube with faces 
at each end. a and 
h axe the steam pas- 
sages leading to the 
steam cylinder, k a 
hollow in the metal 
to lighten the cy- 
linder casting, de is 
the slide, // the 
ateam-chest, and g 
the slide-rod; c is the 
exhaust. Heavy 
slides like this, 
placed vertically, 
should have their 
weights taten by 
counter-balances. 
With the valves in 
the position shown, 
the steam entering 
at p will pass round 
the slide and into the 
bottom passage i ■ 
that in the top of the cylinder passing from a through 
the tube of the valve e d into c the exhaust. Itaising 
the valve to the position shown by the dotted lines, 
the steam will pass into the top passage a and exhaust 
£\>m i into o, the lower face of the valve being long 
enough to cover both the poxto h, o. A.t m Vs, a. \iai^3iniiai 
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eectioa oa tlie line n n ; / bi a light Bpring, to prereiit the 
reive from falling off the porta when the steam is off. 

In Fig. 64 are shown views of the D valve, a and b are 
the steam-pasaages to the cylinder, e and d are two D-ahaped 




Fig. 81. 



slides, aa ahown in plan at & — theae alidea being connected 
by an open pipe, e ia the exhaust, g a aide elevation of one 
slide. The D-ahaped elides are accurately fitted to the 
steam-cheat, which is truly ahaped up, being made ateam- 
tight at the back by metal alipa pieaeed. &^\&!^ 'i^ua i^ianesl- 
tdiest by eprioga. The slides aie TaoveftL^j-j «.t'A,'>^\ '*1sa 
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steam is admitted between the D-shaped elides, and m the 
poaition shown is passing through the passaged to the bottom 
of the cyhnder ; that in the upper part of the cylinder is ex- 
hausting from a through the pipe ed into e. If the slides be 





Fig. 65. 

now raised above the ports, the steam will flow in at a and 
out from b into the exhaust, e. It is not necessary in this 
form to make the steam-chest continuous ; it may be made 
in two, with suitable etuffing-boxea, oa ahown, Fig 65. 
Another form of long -valve is ekovra, "Ei%. ^^, TI\ia 
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valves consist of two round slides, or pistons, fitted with 
packing rings presaed out by springs. The et«am is 
admitted at s between the slides. Bound the velve- 
jocket at each end is a casing communicatliig with the 
exhaust; and nearer the centre of the jacket there are 
circular passages a a, 6 b, communicating with the steam- 
ports a and h. Diagonal slits, c e, open a communica- 
tion between the steam-ports and the interior of the 
steam-chest. In the position shown, the steam admitted 
at « is passing through the lower set of diE^nal slita into 



uy 




Fig. 6 



the steam-paBS^:e i ; and the steam in the upper part of 
the cylinder is passing from the passage a a through the 
upper series of slits, and out at th^ top end of the valve- 
jacket. If the valves be moved up, past the diagonal 
shts, the direction of the steam wHl be reversed. Some- 
times two sets of valves are used, one for the steam and 
the other for the exhaust. These slides are fiat plates 
fitting steam-tight to the port faces ; this arrangement is 
shown. Fig. 67 : « is a steam and /ko. «3^M^f.-^&^- ~^^&- 
the former, i ia the steam-pi^, a fti© ii6.4.«, c 'Ssia \K5'a»t 
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steam-paasa^, aad h the port face ; at m tlie Bteam-pipe is 
continued to supply the lower 
valve ; as showii the valve 
is dosed. At/, the exhaust- 
elide, e is the upper ezhaust- 
paesage, a the slide, h the 
port-face, x the exhaust-pipe, 
and y a pipe commuuicatiiig 
with the lower valve. 

Fig. 68 shows in hori- 
zontal section aa arrangement in 
which the slide-valves for the 
two cylinders of a locomotive 
engine are plaoed in one steam- 
chest. One ahde has a plate, d, 
oast on its back and surfaced 
parallel to the working face; the 
other slide has an open box cast 
upon its back to receive the piston 
f, having an upper surface also 
parallel to the working faces ; the 
piston / also fitting steam-tight in 
its box, and its top face bear- 
ing steam-tight against the face 
of the plate d. By this arrange- 
ment the valves are relieved from 
port of the steam pressure, and 
to assist the free exhaust, ports g 
are formed in the backs of the 
valves to allow the steam exit 
through both exhaust-ports. 

Fig. 69 is a vertical section 
of an equilibnum-valve entirely 
relieved from the steam pressnie. a b and e d are 
the steazo-past^&B, » the valve, Ick ftie riLaaav-Aiwft,, wsi. 




Fig. 69. 
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m the exhaust-pipe. The elide-Talve vorks accuratel; 
between the port-face and the interior of the steam-chest, 
being kept Bteam-tight by packing-rings on the back, 
which are pressed against the inside of the etaam-chest by 
springs. All faces working to- 
gether must be accurately sur- 
faced. This Talve is evidently 
in equilibrium, as the steam- 
pressure affects it equally in 
both directions. In the posi- 
tion shown the steam is passing 
into b a and exhausting through 



In Fig. 70 is shown a vertical 
section of another form of equi- 
librium-valve, which in prmciple 
is almost identical with the long 
D-valve. a and b are the steam- 
passages, c the valve, having a 
cavity corresponding to that of 
the short slide, but having at its 
back a semi • cylindrical tube, 
packed to fit the Bteam-chest 
steam-tight. The steam in the 
position shown is passing from 
the inlet, «, to the top passage 
a ; and the steam from the lower 
end of the cylinder is exhausting 
through the cavity, c, of the 
valre. When the valve is lifted, 
the steam traverses its length and 
enters the passage b, the steam in the top of the cylinder 
then exhausting through the cavity e. « is a plan of the 
valve, and/a section on the line o, d. 
I will now describe a slide-vslve lot a. cotk^>isA. •BC'se^-a - 




Fig 70 
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Ill Fig. 71 two cylinders are shown in section, being of 
different diameters. Of these cylinders a is smaller than 
i. If high-preBsaie steam be used in a, and after one 
stroke of the piston has been 
made, a communication be opened 
with one extremity of the Urge 
cylinder, the steam will pass out 
of the small cylinder into the 
larg^erone, because, although fhe 
two pistons move together, it can 
expand by so doing. 

Let it be required to construct 
a valve so that the course of the 
steam may be as follows : — First, 
say, into the end e of the small 
cylinder, thence into the end d 
of the large cylinder, and thence 
into the exhaust. Then the 
st«am which passes into the end 
e of the small cylinder will pass 
thence into the end / of the 
large cylinder, and thence to the 
exhaust. The valve arrangement 
required is shown in Fig. 72. 
a and l are the ports to the large 
cylinder, c and d those to the 
small one, e the steam-port, and 
/ the exhaust. The valve con- 
sists of a rectangular block of 
metal, kept upon the port faces 
by rollers, acted on by springs ; and in this rectangular 
block certain rectangular passages are cut, or cast : t and 
J are recesses, similar to those in short slide-valves, and 
■#/ ia a long passage, sinulai to ftia,t in the long valve. 
^ the positioa shown in the figaTe, ftia THOTsoi'fflA A 
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the steam is as follows : — ^From tlie steam-port e the 
steam is passing through the recess j into the lower 
port c of the small cylinder; the steam in the upper 
part of the small cylinder is passing from the port dy 
through the long passage k I, into the front part of the 
large cylinder; and the steam in the lower part of the 
same is issuing from the port h, through the recess i, 
into the exhaust-port/. If the slide be now moved to the 
right, the steam will then pass from the port e, through 





Fig. 72. 

the recess j, into the port d ; from the port e, through t, 
into the port h, and from the port a into the extremity / 
of the long passage, and out at the exhaust /; it cannot 
pass out at the end k of the passage, as that will be 
closed by contact with the part m of the port-face, n is 
the slide-rod ; ^ A is a front view of the slide-valve. 

There are many varieties of slides for compoimd engines, 
some of which show great ingenuity, Wt tk^ ^^^^ ^aisc^ 
he taken as a type. 
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I have referred to the use of a separate expansion-valye; 

a section of one is sliown in Fig. 73. a h 
is the slide-valve jacket, or steam chest, 
within which the slide-valve works as 
usual ; the steam is not admitted direct 
to this chest, but to another one, cdy 
placed at the back of it. ^/ is a flat 
plate of metal accurately surfaced and 
fitted to a port on the back of the slide- 
jacket, in which a nimiber of slits are 
made corresponding to a similar number 
of slits in the plate ef. "While the ex- 
pansion-valve ^/ is in the position shown 
in the figure, the steam passes freely into 
the slide-valve jacket ; but a slight move- 
ment will cut it o£E, and the narrower the 
slits the more suddenly can the steam be 
cut off. This valve may be worked by an 
excentric, but is more commonly actuated by a cam, of 
which a special form will subsequently be illustrated. 




Fig. 73. 





Fig. 74. 



In order to lubricate the wotkmg -gaxts both in the 
cjrlmder and alide-jacket, grease-cocka at^ t^c^^, «s3l\^\ 
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tkese two common forms are shown in section in Fig. 74. 
d is a valve suitable for condensing engines ; it is screwed 
into the cylinder cover and used as follows : — ^The cup is 
closed by a valve actuated by a screwed handle as shown ; 
this valve is raised as the piston ascends, when there is 
vacuum in the top of the cylinder, and grease is sucked in, 
the valve being closed before the engine turns the centre. 
In using the cock a, grease is poured into i, then by turn- 
ing the stop-cock between h and e, it flows into the reser- 
voir c. This stop-cock is then closed and d opened, when 
the grease flows into the vessel to be lubricated. 

Pistons. — Fig. 75 illustrates a simple form of steam- 
engine piston. The top view is an elevation, the next a 
vertical section, and the third a plan : a and b are the top 
and bottom surfaces of the piston ; ^ ^ is a cut packing-ring, 
which, by pressing against the surface of the cylinder, keeps 
the piston steam-tight ; cdia & tongue to prevent the steam 
leaking through the cut in the packing-ring, ef, in the 
section and plan, is the body of the piston ; i i the junk ring, 
which holds the packing-ring in position, being attached 
to the body of the piston by bolts. ^ is a hole in which 
one end of the piston-rod fits. It will be observed that the 
packing-ring is not of equal thickness throughout, being 
made thinnest at the point where it is cut through and 
thickest at a point diametrically opposite, the object being 
that the packing-ring may press equally against the cylin- 
der all round. It is commonly made of cast iron. 

In making the piston, the aperture k should first be 
bored out, and a rod fitted to it ; by which it is carried 
between the lathe centres, while the body is accurately 
turned. It is then drilled and tapped to receive the junk 
ring-boits, which do not pass through the body of the piston 
but screw into it. The upper surface of the flange of the 
piston is scraped and faced to fit the i^aAkisk%-T^s^^ ^s^^^^^^ 
lower surface of the junk-xing \b eKca^TS;^ Nst^'aXsA.. ""^^^ 
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upper and lower edges of • the tongue piece are ako fitted 

in a similar man- 

9 



~h 



ner to the surfaces 
with which they 
are in contact. 

The packing- 
ring (in order 
that it may press 
against the cylin- 
der) is turned of 
rather greater dia- 
meter than the cy- 
linder, and a layer 
cut out on the thin 
side, and one end 
of the tongue se- 
cured to one side 
of the cut part of 
the ring. As when 
out of the cylinder 
this ring will have 
its natural dia- 
meter, it must be 
squeezed together 
to get it in place : 
this is done by 
means of the 
wrought-ironhoop 
My which is placed 
around the piston 
so as to embrace 
half its depth, as shown by the dotted lines sigh) it is then 
tightened up by the bolt and nut at n untiL the packing- 
ring's diameter is enough reduced for its lower half to be 
pushed into the cylinder ; the lioop m maj \\i«rL\i^ temss^^^. 



n 




Fig. 76. 
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as the lower half of the packing-ring being now in the 
cylinder it cannot again expand, and m being removed the 
piston can then be pushed into the cylinder completely. 
The packing-ring should only press lightly upon the 
cylinder, otherwise the wear and tear and also the loss of 
power by friction will be unnecessarily great. 

Large pistons do not have their bodies cast solid, but are 
hollowed out, one form of such piston (with the junk-ring 
removed) being shown in Fig. 76. « is the hole in the 




"boss" or centre of the piston, in which the piston-rod is 
fixed ; from this boss arms h and c run to the periphery, 
being, of course, cast in one piece with the bottom plate of 
the piston ; cc c e are stops against which spiral springs, 
guided by rods d, abut ; by the pressure of these springs 
the wedge pieces e are pressed outwards, and so press the 
segments of the packing-ring against the surface of the 
cylinder. 

Figs. 77 and 78 show other arrangements of spring tox. 
pressing out the packing-ringa, eiiflDL«t cvi^ ot \a. ^^^gp^^^s^w^* 
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In the former a is the piston-rod hole, bed a cut ring, and 
eeee arms carrying springs ffff, to press the packing- 
nngr Agfl'inst the cylinder. In Fig. 78 the arms hhhh 





Fig. 77. 



Fig. 78. 



a 

h 
c 




Fig. 79. 



cany studs c, which, by means of nuts, press upon and dis- 
tort an elastic ring, which, reacting, forces the studs against 
the packing-ring. Fig. 79 illustrates a very sunple form 

of piston much used for 
pistons of moderate dia- 
meter, d is the piston-rod 
socket, e e the body of the 
piston, and ah o narrow 
grooves \ inch to J inch wide, in which are inserted narrow 
spring-rings to press against the cylinder. 

The piston-rod is turned taper at its lower end to fit the 
cavity in the piston, and it is there secured by a nut on 
the end, or by a pin or key driven through the boss and 
the piston-rod. 

Piston-rod Heads. — The top of the piston-rod will be 
ran'oualjr formed according to the kind of engine for which 
jfi's required. In some cases it wiIL^ie ^^c^V^ -pointed to 
^0 connecting rod, in others it may t^ eoMi^eRX.^ ^^ ^ 
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beam, or rooking lever, or other element. In Fig. 80 
A and B are front and side elevations, suitable when the 
piston-rod is immediately jointed to the connecting-rod. 
a is the end of the piston-rod which passes into the tubular 
part e, where it is secured by a key or cotter, shown 
passing through the 
work. The cross-head 
is forked above to 
admit the end of the 
connecting-rod, and 
the forked ends have 
cylindrical apertures 
h bored through them 
to receive the pin 
which joins the pis- 
ton-rod to the con- 
necting-rod. , 
C and D are eleva- ^\\ 





c 



n* 




tions of a cross-head 
used with beam en- 
gines : the part c is 
perforated and tra- 
versed by the ex- 
tremity h of the pis- 
ton-rod ; a a are ^- ^^• 
accurately turned 

''gudgeons," on which move the ends of the links con- 
necting the piston-rod with the main beam. 

In Fig. 81, at A, is an elevation of a cross-head formerly 
uSed for side lever marine engines ; but these are now out 
of date, a is the end of the piston-rod passing through 
the perforation h of the cross-head ee; dd are gudgeons 
carrying the extremities of links. G and D show heads 
used when the piston-rod iB ^omt^ ^^isi^ \si S^^ ^skc^Ssk.^ 
as in oscillating engines, a \b tixft -^veXotL-xoi^^ ^ *^^ ^sii^*-^^ 
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in the head, e and d " plummer block " and " cap " of the 
cross-head, connected by bolts and containing the bearings 
by which the crank-pin is to be embraced, e the hole of 
the crank-pin. At D brass bearings are shown to receive 

the crank-pin, but C 
being supposed to 
be of brass, no such 
bearings are requi- 
site. 

In Pig. 80, C is 
similar to a cross- 
head used in loco- 
motives and some 
other kinds of en- 
gines. The square 
part of the cross- 
head is made with 
small ridges or 
guides, as shown by 
the dotted lines, 
parallel to the piston- 
rod; this block moves 
between accurately 
planed guides, and 
the protruding jour- 
nals a a carry the 
ends of a forked 
connecting-rod. This 
cross-head is sometimes at the extremity of the piston- 
rod and sometimes further on, when the extension 
of the piston-rod beyond the guide-block is required 
to work part of the machinery. The cross-head shown 
at A generally has the connecting-rod pin prolonged to 
oarzy ^uide-hlookB at its extremitieS, 'which move between 
Buitable gvddes. 




a 



Fig. 81. 
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CoNNEOTiNG-BODS. — ^In Fig. 82, A shows a form of con- 
necting-rod commonly used wlien the piston-rod directly 
joins the connecting-rod. It consists of a spindle a, having 
at each end bearings b h, retained in position by straps 




Fig. 82. 



fixed by wedges and keys passing through them and 
through the extremities of the spindle. To these straps, 
however, I will return. B shows a connecting-rod of the 
forked description as used mtk \Xi^ ^\£l<^<^ ^goiA^^^^^^iiSK-N 
iliis also IB furnished with stxapB aEL^\ie»aT«k.^ ^*^^ ^scAs., 
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C is an elevatioii of a connecting-rod frequently used for 
beam engines ; it is broken oS. to save length, in the illus- 
tration, the upper and lower ends only being shown, a is 
a round spindle when wrought iron is the material used, 
but of an + section, as shown by the dotted lines, when 
the rod is made of cast iron. At ^ ^ are two bearings 
similar to those already mentioned, which embrace the 
journals of a pin in the main beam; e is the crank-pin 
bearing. D shows bearings of the first kind, a being 
the end of the connecting-rod ; h the strap ; e and / ele- 
vation and plan of brass bearings. E shows the 
second kind of bearing used with the rod C. a is the 
end of the connecting-rod into which bearings h and c 
are passed, after which they are passed over the crank- 
pin and then tightened up by the wedge 
shown dotted at a. 

Motion Links. — ^In Fig. 83, a shows a 
form of link consisting of a long strap, in 
which two sets of bearings furnished with 
ridges to guide them are placed and keyed 
up tight, being retained at their proper 
distances by a strut or distance-piece, as 
shown, h shows the extremity of a link, 
which, is bored out at the end larger than 
the bearings, which are inserted placed 
around the journal on which they are to 
work and keyed up tight. 

Main Beam. — This element was formerly 
(after the days of timber beams) always 
made of cast iron, but the advantages of 
using wrought iron are now thoroughly 
appreciated, being a lighter and more 
reliable material. For small engines, how- 
0rer, cast iron ia still used. A. caat-rcoTL \i^wx\. va ^liown 
JI2 Fig. 84, in elevation, plan, and sec^on. M. \3tL^ ^^Titet^ 



! V/ 




Fig. 83. 
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a is a gaigocm upon wliicli tbe beam U supported; S 
is a gudgeon connected vitlL the piston-rod, and e one 
for Hie oonnecting-rod ; d and e are other gudgeone to 
carry pump-iode, &c. At ; is a section of the beam 




taken through >«'. At /is shown in plan the end of a 
forked beam. The proportions to be adopted where no 
Bpecial circumstances interfere are as f oUows : — The 
stroke of the piston twice th6 ^aa^uohKi A '^«. (5^^iaAs»\ 
the beam three times the Uugtb *A *aa.e rictOta.-, «s)&-^!» 



136 



MECHANICAL ENGINEERING. 



depth at the centre equal to the diameter of the cylinder ; 
length of connecting-rod from twice to thrice the length of 
the stroke. The following rule will give the thickness of 
the beam at the centre, p •=■ maximum pressure per square 
inch on piston ; D = diameter of cylinder in inches ; 
d = depth of beam in inches ; I = length from centre of 
gudgeon h to centre of gudgeon a in feet ; t = thickness of 

beam in inches, then t = 0*02 Xi?X ^X l"^)* 

If the beam is of cast-iron, the manipulations, after it has 
left the foundry, are not very extensive, for all that 
remains to be done consists in boring the apertures to 
receive the gudgeons and fitting the latter to the beam. 

Fig. 85 shows a section of a shaft firmly fitted into a 






Fig. 85. 



Fig. 86. 



cast-iron ring or boss : e is the shaft and ah c the boss ; it 
is bored to fit accurately the shaft, which has been pre- 
viously turned, and in both the boss and the shaft certain 
slots are made to admit keys ddddy which keys prevent 
the shaft from revolving within the boss. This is the 
mode in which the gudgeons are fixed in the bosses of the 
main beam, 
a, Fig, 86, represents an eleyatioiL oi a ^<9l^^oti\ m«ome 
cases it is not absolutely neceBsary to tvim. ^"^ eecfet^ ^^xV 



GUDGEONS, BEARINGS, ETC. 



13: 




hf whicli is keyed into the boss; but in all cases the 
journals ec must be accurately turned, d represents a 
part of a shaft having an ordinary form of journal to run 
in bearings shown at e, I will next describe the construc- 
tion of BEAEiNGS generally, shown at Fig. 87. 

a is & solid block of cast iron haying a recess (half 
round, as shown, or rectangular) on its upper side ; it is 
called a plummer-block. This is surmounted by a cast- 
iron cap h, having a semicircular notch 
in its lower side ; the two are connected 
by bolts. The general form will be re- 
cognised from the resemblance it bears 
to some kinds of piston-rod heads. Be- 
tween the plummer-block and cap, brass 
or gun-metal bearings are placed, of 
which sections are shown at d and ^, 
the latter for a plummer-block having 
a square notch, e is first placed in the 
plimmier-block, the shaft then laid in it, 
the top brass d placed upon it, and the 
whole covered by the cap, which is 
bolted down to the plummer-block. The 
brasses are made with flanges to prevent 
their sliding oufc of their proper posi- 
tions. / is a vertical section through the 
brasses and plummer-block when put together, the 
journal being omitted. The brasses require to be ac- 
curately bored out, and then fitted to the corresponding 
journals by scraping. Various forms of plummer-blocks 
and brasses are used, but the one described will con- 
vey a general idea of the principle involved in their 
construction. 

Fig. 88 shows the general form of one class of cranks ; 
those that are not made in one piece mth. t\\ft ^-t^is:J2^-^SQk3^s». 
Cast-iron cranks are frequently u^a^^ icjt «a^^^ ^sv^^qssssj^. 







Fig. 87. 
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but wrought iron is preferable, and for large cranks the 
latter should always be used. The figure shows a front 
elevation and a vertical section of the crank. It must 
be planed on the face, and at right angles to this face two 
apertures are to be bored, a to receive the end of the main 
shaft, h that of the crank-pin. In fixing the crank upon 
the shaft, keys are to be used, and the crank should also be 
forced on by hydraulic pressure (in this case the end of 
the main shaft has a veri/ slight taper) or shrunk on. In 
the latter case the crank is bored out slightly less than the 
diameter of the crank-shaft, it is then heated until, by its 

expansion, it will admit 
the end of the shaft, 
which being put in posi- 
tion, the crank cooling 
contracts, and firmly 
grips. Cast iron cranks 
will not stand this treat- 
ment with any amount 
of certainty. Cranks for 
inferior purposes are 
sometimes made by 
bending the crank-shaft 
to the required form, but for sound work the crank should 
be forged solid on the shaft, and planed or slotted out to 
shape. 

Three forms of crank-shaft are shown in Fig. 89. The 
minimum diameter of the crank-shaft may be found from 
the following formula. Let d = diameter of shaft in 
inches ; H P =: horse-power of engine (calculated for maxi- 
mum pressure, not mean pressure) ; N = number of revolu- 

8 /oQQ XT "p 

tions of engine per minute ; then d = a / — — a h 

show two parts of a crank-shaft fitted with two cranks e e, 
yd, carrying a crank-pin cd. Close behind the crank, 




Fig. 88. 
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journals are turned upon the shaft to work in the shaft- 
bearings. Beneath is shown the form of the crank-pin, 
which may be secured by cotters passing through the 
small bosses of the cranks. In some classes of engines it 
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Fig. 89. 



is best to fix the crank-pin in one crank only, so that in 
case of any play from wear the cranks may not be strained; 
this is most likely to occur in marine engines, especially if 
the framing is not amply stifP. g ij h shows a crank-shaft 
having the crank forged in one piece with it, and Im 
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shows a shaft where the crank is forged on, but with 
curved arms. This is only used for light work (such as 
driving an air-pump), as the bearings cannot be brought 
dose enough together to give much steadiness under heavy 
stress. In making a crank-shaft it is usual to bring it up 
to a bright surface (except for block engines in exposed 
situations), turning, planing, and filing the different parts 
according to their forms and positions. For centring 






Fig. 90. 



the crank- shaft in the lathe, in order to turn the crank- 
pin when the cranks are formed solid, the arrangement 
shown at ij may be used. The bearings of the crank-shaft 
are usually of the form already described. 

The valves connected with the steam-cylinder are usually 

worked by excentrics, of which one is shown at Fig. 90. 

The excentric is a circular wheel fixed excentrically upon 

the shaft, a is the main shaft to which the excentric is 

A^ejred, h ia the excentric sheave, on the edge of which is 
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turned a groove to receive a baad within TMch the excen- 
tric may revolve. This band corresponds to the cross head 
of a, piston-rod when that is jointed directly to the crank- 
pin. The band is made in two parts, ede and efe, which 
are connected by bolts at c and e. At / is a socket to 
receive the end of the excentrio rod, which is firmly cot- 
tered therein. This form is generally used with gun-metal 
straps. Sometimes both sides of the strap are made of 
the same form as C(f«, in which case the exoentric-rod is 
forked as shown at h. The screwed ends are passed 
through the bolt-holes at e and «, and being fitted with 
nuts, supply at once the means of connecting the two 
halves of the strap with each other and with the exeentrio- 
rod. »y shows another form 
of strap and excentric-rod 
connection. The excentrio- 
rod may be jointed direct t 
on to the slide-valve rod, or 
to an arm fixed on a shaft 
which carries another arm 
from which the slide-valve 
is worked. 

As it is necessary that a 
certain advance be given to 
the eccentric beyond the po- 
sition of the crank, in order 
to insure the direction of 
the engine's motion, some 
special arrangement must 
be provided inthoseengines 
which occasionally require 
to be reversed. There are 
two forms of reversing gear 
in common use : one generally used in paddle engines, the 
other for screw-propeller and locomotive engines. Fig. 91 




Fig. 91. 
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shows the former, which is the ordinary single ex- 
centric reversing arrangement. The excentric is not 
keyed on to the shaft, but so attached that the latter 
can revolve within it through an angle corresponding 
to the positions of the excentric for the forward and 
backward leads, the excentric sheave being balanced 
in any position by a counterweight/, ahc being the ex- 
centric. Upon the shaft is bolted a segmental collar 
ee, either extremity of which coming in contact with 
the inner part of the balance- weight/, which is bolted to 
the excentric, will drive the latter. If we suppose the 
engine to be stopped and the slides moved by hand to such 
a position as to cause the engine to start in a direction 
contrary to that in which it was running, the segmental 
collar e will retire from the balance- weight on one side, 
and having performed a portion of a revolution, will come 
in contact with it on the other side and cause the excentric 
then to revolve with the shaft ; after which the motion of 
the engine will continue in that direction until some further 
alteration is made. It is obviously necessary to provide 
means whereby the excentric-rod may be temporarily dis- 
connected from the slide-valve gear, so that the latter may 
be moved by hand to the position necessary to reverse the 
motion of the engine. The lower part of the excentric-rod 
is arranged for this purpose. At i is a pin attached to an 
arm on a weigh-shaft actuating the slide-valve ; this pin 
gears in a notch or gab in the excentric-rod, which is also 
called the gab-leveb. Behind this pin the gab-lever is 
perforated and a strip of metal inserted as shown at /. 
Now if this strip be forced forward it will fill up the notch, 
forcing the pin out of it and thereby disengaging the 
valves, nor will the pin t be able to re-enter the notch until 
the strip of metal is withdrawn. The strip of metal is 
attached to the endy of a lever working on a fulcrum k ; at 
the upper end of the lever is a handle h passing through 
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Fig. 92. 



the gab-lever. By pushing the handle h towards the gab- 
lever the engine is thrown out of gear; pulling it back 
allows the engine to fall into gear as the notch of the gab- 
lever passes over the pin i. In some cases the stop is 
dispensed with, and the 
gab-lever rfljw^e? from the 
pin by an arrangement 
shown at Fig. 92. a J is i^ 
the gab-lever, o the pin 
communicating with the 
slide-valves, ^ is a short 
shaft on which is an arm 
de, carrying at the ex- 
tremity e a small roller close under the gab-lever. To the 
short shaft is also fixed an arm e?/ having a link, of which 
a part is shown at gf, attached to it. By moving the link 
gfm the direction of the arrow, the gab-lever will be raised 
clear of the pin c. 

In locomotive and some other engines, the crank-shaft 
carries two excentrics keyed on it, one to drive for 
forward and the other for backward motion of the engine. 
This arrangement is shown. Fig. 93. a is the forward, h 
the backward excentric. The lower extremities of the 
excentric-rods are attached to the ends of a slotted link Oy 
within the slot of which is fitted a block connected with the 
slide-rod e. At the back of the link and in one piece with 
it -is an eye /, from which a link proceeds to the end 
d of an arm carried on a shaft ^, which has also an army A, 
and to the extremity h is attached a link as shown. By 
moving this link in the direction of the arrow, the link e 
will be raised, and sliding over the block attached to the 
slide-rod e, the valves will be brought under the control of 
the excentric ^ ; by a reverse movement the valves will be 
brought under the control of the excentric a. The block 
need not be quite at the end of the link, and by its position 
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thepointof "cutoff" can be regulated. Sometimes the 
link c is suapended from a fixed point, and the block e put 




on the end of a link jointed to the alide-rod, in irhich case 
the block e is raised or lowered instead of the link e. 

When separate expansion-TalveB are used, theyare usually 
actuated by cams fixed on the crank-shaft, as shown at Fig. 
94; the several cams being placed side by aide to give differ- 
ent degrees of expansion, a is the main shaft, b the boss 
carrying the various cambers ccce and dddd; « ia a roller 
which can be moved on its axis so as to rest against any 
cam as may be required ; it is carried at the end of an arm 
fixed to a short shaft/. The roller will twice during each 
revolution, that is, once in every stroke of the engine, be 
forced back by the cam, whereby the linlr gh will be 
raised and the expansion-valve closed. Of course in 
making a change the roller e must be shifted ; when resting 
on the plain part of the boas, its position is regulated by a 
fork i, irorked by tur nin g a shaft having a screw-thread 
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cut on it. Another view of the expansion-cams is shown 
at f . 

In order to render more uniform the motion of mill 
engines, they are fitted usually with heavy fly-wheels, 
which, with a small increase of velocity, accumulate the 
excess of work at one part of the revolution, to be given 
off at some other when 
the work is deficient. 
The fly-wheel is made of 
cast iron entirely, or has 
a cast-iron rim carried on 
wrought - iron arms 
which are laid in the sand 
of the mould, and so have 
their ends cast into the 
boss and rim of the 
wheel. The fly-wheel 
must be very securely 
keyed on to the shaft. 
It is sometimes made as 
a toothed wheel to drive 
machinery ; but the 
driver is usually a sepa- 
rate wheel or drum. The 
proportions of the fly- 
wheel may be deter- 
mined from the following formulse, which are taken from 
Moseley's elaborate investigation of the principles of its 
action. 

Let W = weight in tons ; H = horse-power of engine ; 
N = twice the number of revolutions per minute (that is, 
the number of strokes) ; R = mean radius ; K = section of 

cast-iron rim in square feet ; - = the greatest variation in 

H 




Fig. 94. 
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from mean speed allowed. Then for a single-acting 
engine : — 



W = 95274 



Kn . T5_ 42-26 VH« 






K = 76477 



WW N V 'W 



For a double-acting engine : — 



W = 18194 



K= 14414- 



H« . "R -23-34 VH» 



N8 E* 






N3 E* " 
For a two-cylinder double-cranked engine : — 

W - 9097 ^^ - E - ^^'^^ a'/H^ . 

K=7207jjr^. 

I will take an example from the last-named class of 
engine : — 

LetH = 100;N=: 60; E=7; and - = tttt, that is, the 

Tit L\) 

velocity is never to vary more than one-tenth of the mean 
velocity; then 

W = 9097 X ^l^^^ ^ ^^^^^ = 0-86 tons = 1926 lbs. 

The common governor used to regulate the admission of 

steam to the valve-chest has already been described at 

page 83. There are many forms now in use, but I have 

not space for their enumeration, and that already explained 

Is the most generally used. 



CONDENSERS. 



147 



A common form of condenser is shown at Fig. 95. The 
steam is condensed by a jet of water scattered by a rose. 

Surface condensers consist of tubes passing through the 
condenser, through which water is circulated, so that the 



r^ 




Fig. 96. 

steam is condensed by contact with the cold metal tubes, 
and not by direct contact with the condensation water. 



-R^ 



CHAPTER X. 

TYPICAL FORMS OF STEAM-ENGINES 

In this chapter I purpOBe describing the typical arrange- 
ments of the various elements of the steam-engine in their 
simplest forme, commencing with the beau-enqdie, of 
vhich a dde elevation is shown in Fig. 96. a is the steam 




Fig. 66. 



cylinder, h the stuffing-box and gland, through which 
passes the piaton-rod c, attached at its upper end to the 
l inTc df, of which the end / is carried on a gudgeon in the 
heam.fg. This beam is in two pieces, of which /y is one, the 
various rods being carried between the two halves of the 
beam hy ^dgeons passing through and keyed into both. 
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The cross-liead d of the piston-rod carries one end of a 
link d Bj which at e joints with another link running back 
to a fixed centre, or **dead" centre, at d (carried by a 
bracket fixed on the beam shown by the dotted lines m m), 
so as to form a parallel motion for the piston-rod head ; 
the same joint at e also connects with the link eh^ carried 
at ^ on a gudgeon fixed to the main beam fg. At a suit- 
able point in the link ^ A is a journal carrying the upper 
end of the air-pump rod t, which passing down through 
the floor actuates the air-pump for maintaining the vacuum 
in the condenser. (The air-pump will be described fuUy 
in Chapter XI.) The main beam fg, formed as I have 
indicated above of two parallel plates connected with each 
other by transverse bars, which also form gudgeons for the 
dependent rods and links, is carried on the central gudgeon 
k in massive bearings sustained in plummer-blocks, resting 
upon beams shown by the dotted lines m m, these beams 
being fixed in the walls of the engine-house. The gud- 
geon t carries the rod u actuating the cold-water pump, by 
which water is raised into the tank containing the con- 
denser and air-pump. The gudgeon I carries the feed, or 
hot-water pump rod v, this pump supplying the boiler from 
the hot water drawn from the condenser by the air-pump. 
At the end g of the main beam is attached the connecting- 
rod g w, which through the crank w x actuates the main 
shaft X carrying the fly-wheel B, and being itself carried in 
bearings supported by the pedestal A. Upon the main 
shaft X is keyed the excentric 2, from which the excentric 
rod y passes to the end c[ of an arm g 0, keyed on to a rock- 
ing shaft 0, upon which are two parallel arms op having 
their ends ^ jointed to the lower ends of links ^r, at the 
top of which (r) is a cross-head carrying the slide-valve rod, 
which, passing through the gland and stuffing-box «, actuates 
the slide valve contained in the valve jacket n. 
The coKNisn pumping engine is a beam-engine, but 
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instead of the connecting-rod g w, the pump-rod is attached 
to the end g of the main beam. These engines are single 
acting, that is, the steam acts only on the top side of the 
piston, thus making what is called the " indoor stroke" the 
return stroke being made by a heavy weight on the pump- 
rod called the preponderating weight. The action of the 
engine then is as follows : — The steam entering the top of 
the cylinder forces down the piston, lifting the prepon- 
derating weight, and drawing water into the punip- 
barrel; communication is then made between the top 
and bottom of the cylinder, through the equilibrium- 
valve, when the preponderat- 
ing weight being free to act 
presses the pump plunger 
down, forcing the water to the 
required elevation. Engines 
of this description frequently 
have a steam jacket around 
the cylinder to prevent loss of 
heat by radiation during the 
stroke. Such an addition is 
shown in part vertical section 
in Fig. 97. 

The lower end of the cy- 
linder, after the down or *' out- 
door stroke " of the pump-rod, is put into communication 
with the condenser. The steam-valves in this type of 
engine are all separate; there is the "steam-valve," the 
** eqiulibrium-valfe," and the '* exhaust-valve," worked by 
arms on separate weigh shafts. These valves are opened 
by weights which come into action on the release of certain 
catches, the valves being closed by stops on a '* plug-rod " 
attached to the parallel motion. The catches are of the 
Aown in Fig. 98. ah and c are the three weigh 
are attached quadrants as shown, fixed to 




Fig. 97. 
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the ends of the ahafts. When the yalve handles are acted 
on by the stops or tappets, the shafts reyolye until the 
quadrants assume the positions shown by the full lines in 
the figure, where they are retained by pins attached to 
leyers moying upon the fulcra xxx and equilibrated by 
weights to to to. When the catches are raised the balance 
leyers cause the quad- 
rants to pass to the 
positions shown by the 
dotted lines, opening 
the yalyes at the same 
time. The catches are 
raised by "cATAaAcxs," 
which consist of pumps 
haying a free inlet yalye, 
but a small and adjust- 
able outlet which rege- 
lates the time of descent 
of the piston, which 
piston is pressed down 
by a weight on its rod ; 
the piston is raised at 
each stroke of the en- 
gine by a stop on the 
plug-rod. Sometimes 
the quadrants are so 
arranged as to interact, the cataract being dispensed 
with. 

The economy of the Cornish engine is yery great, and 
that machine as perfected by the late Mr. Thomas Wick- 
steed (through whose indomitable energy that lype of 
engine was introduced into the London and other Water- 
works), performed on a three years' trial 109,000,000 foot- 
lbs, per 112 lbs. of Newcastle coal consumed. Higher 
duties haye been reported from Cornwall, but those are 
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inaccurate, as in some cases the loss of vater through the 
pump tsItcs amounted to 16 per cent, taid more. Thefirst 
Cornish, engine erected in London (at the West Ham, now' 
the East London Waterworks), performed when improved 
by Wictsteod, 103,000,000 foot-lbs. per n2Ibfl. of coal, 
and the 109,000,000 foot-lbs. duty was performed by the 
Wicksteed en^ne subsequently erected at the same 
Works, and which engine has been the prototype for the 




Fig. 99. Pig. 109. 

large pumping engines at the Leeds Water-works and 



Fig. 99 is an elevation of a vertical engine, carried upon 
a frame, a is the cylinder ; ( the piston-rod, of vhich the 
head is steadied by guides ; c is the connecting-rod work- 
ing the crank d, which is keyed on the main shaft, carried 
in bearings in the plunuuer-block e ; / is the exceutric by 
vhich the slide-valve is worked, and g the fly-wheel. 

Fig. 100 is an elevation of a vertical oscillating engine. 
» is Uie cylinder, ( the piston-rod, connected directly to the 
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crank <?, actuating the main shaft carried in the bearings e; 
/is the slide-valve excentric, and ^ the fly-wheel. 

In the horizontal engine the general arrangement is the 
same as in the vertical ^engine illustrated in Fig. 99, but 
the cylinder lies horizontally upon a bed-plate, which also 
serves as a foundation for the main shaft and other parts 
of the engine. 

Stationary engines are usually regulated by a governor, 
the action of which determines the supply of steam to the 
cylinder. The simplest 
form of governor is shown 
in Fig 101. Upon the ver- 
tical shaft a a are suspended 
a pair of conical pendulums 
h hj carried by the rods b <?, 
h c, to which are jointed at 
dd the links de^ de, the 
lower ends ee being con- 
nected with the collar 
shown, which is able to 
slide vertically upon the 
shaft aa\ in. a groove in 
this collar a pin / rests, 
and by the vertical move- 
ment of the collar this pin 

is raised or lowered, and, vibrating about the centre y, 
actuates the steam- valve by the rod g h. 

From these typical forms are derived all the steam- 
engines commonly used, the positions of the cylinders 
being varied to suit the purposes for which the engines are 
required. 

The most compact form in which the steam-engine occurs 
is that of the locomotive, which is illustrated in Figs. 102 
and 103, the first being a longitudinal section and the 
second the plan of an express passenger engine. 

h3 




Fig. 101. 
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A great number of designs for rotary engines have 
been patented at various times, but none of these have 
given sufficient satisfaction to lead to the supersession of 
the rotative engines as generally constructed. 

There are certain mechanical defects in the rotary 
engines which outweigh their advantages of lightness, 
simplicity, &c., and notably the difficulty of keeping the 
pistons steam-tight ; but to enter into this part of the sub- 
ject in detail would occupy more space than I have at my 
disposal, and although interesting, this subject is not prao- 
tically profitable. 



CHAPTEE XI. 

PUMPS, INJECTORS, EJECTORa, VALVES, AND 

CONDENSERS. 

Before describing the principles and construction of pumps 
I must explain the duty of an ordinary automatic valve. 
An ordinary valve consists of a plate with an aperture in 
it, such aperture being covered by a plate capable of open- 
ing in one direction. This valve may be a flap hinged to 
the perforated plate, such as are shown at i, <?, and e, in 
sections A and B, Fig. 104; or it may be a rising plate 
steadied by a stalk, as shown at h and e, section C ; and in 
top and bottom plan at D and E, the three-edged stalk 
steadies the valve but allows the passage of liquids or 
fljiids through the concave parts of the stalk. A valve 
may also be formed by a ball falling into a spherical seat 
surrounding the aperture to be closed, or by an elastic 
band surrounding a perforated pipe, which band expands 
to allow the exit of liquid or fluid, but prevents its return 
through the perforations. There are innumerable kinds 
of valves, but enough have been mentioned for my present 
purpose, it being borne in mind that the particular pro- 
perty of the valves under discussion is, that they permit 
the flow of liquids or fluids in one direction only^ preventing 
their return by the same passage. The rise of the valve 
is limited by a guard. 

A, Fig. 104, is a vertical section of a common lift-pump. 
flj is a pipe rising from a well or other source of supply, 
guarded at the top by the clack-valve h \ above this is a 
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properly bored cylinder or ptimp-barrel, in which movea 
water-tight the piston or plunger c, having an aperture 
guarded by the dack-valve d. Both theae valTes open 
upwards, so that the liquid can pass up through them, but 
cannot return. The plunger or bucket c is attached to the 
forked end e of the piunp-rod/, g ie the head of tho pump. 
The action is as follows : — Suppose ttie pump-bucket to bo 




Fig. 104. 



at the bottom of tho barrel, then on raising it a partial 
vacuum mil be left beneath it, as tho air cannot paaa down 
through the valve d or past the packing by which the 
bucket ia made to fit the barrel, hence the atmospheric pres- 
sure on the Burfaoe of the water in the well, being un- 
balanced by an equal pressure in the pump-barrel, forees 
water up through the valve h into the pump-barrel, where 
it is retam&A. by the valve b ; on mailing a down stroke of 
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tlie pump-bucket tlie valve d opens and tlie water passes 
through as the bucket descends, and on the next up stroke, 
the valve d closing, this water is lifted into the head or 
cistern ^, whence it flows away through the pipe h. At 
the same time more water rises through h into the pump- 
barrel. The height of lift of this pump is limited by that 
of a column of water which the atmospheric pressure will 
support, and by the workmanship of the valves, barrel, 
and bucket ; the last is fitted with leather or metal 
packings. 

The pressure of the atmosphere being called 15 lbs. per 
square inch, the column of water it will sustain will be 
one square inch in area and of such height as to weigh 
15 lbs. Water weighs 62.5 lbs. per cubic foot, therefore 
a column one inch square and one foot high weighs 

62*5 

YTT = 0*434 lbs., hence the column balanced by the atmo- 

15 
sphere will be tttoT = 34*5 feet ; but a pump cannot work 

at this height, for in addition to the water there is the 
weight of the valve to lift and friction in the pipes to 
overcome ; besides, the vacuum in the pump-barrel can 
never be perfect, as there is always air in water, which 
comes out when the atmospheric pressure is removed from 
the surface, and altogether 28 feet may be regarded as a 
good height for the pump to work at. The force (in addi- 
tion to that required to overcome the friction of the pump 
and the valve-lifting) required to raise the plunger will be 
equal to the weight of a column of water equal in diameter 
to the pump-bucket, and in height to the distance from the 
surface of the water to the underside of the pump-bucket, 
hence as the bucket rises an increasing force is required, 
the mean being that corresponding to the position of the 
bucket at half stroke. Let P = force in lbs.; d = 
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diameter of bucket in inches ; h = lift of water in feet ; 

then 

P = -7854 rf=* X A X -434 lbs. = -342 d^ h. 

B is a vertical section of a double-acting foroe-pitmp. 
d is the barrel, fitted with a solid piston c, properly 
packed to fit the barrel ; the piston-rod / works through 
the stuffing-box h, a a are inlets guarded by valves h b, 
opening inwards, and ^ ^ are outlets guarded by valves e e^ 
opening outwards. When the piston moves downwards 
fluid enters the barrel through h at the top, and that below 
the piston is expelled at the bottom through e; on the 
ascent of the piston a contrary action occurs. When this 
pump is used for water the force necessary to work it will 
be found by the above formula, but making h = the 
height in feet from the surface of the water at the supply 
to the level to which it is forced, to which height there is 
no Hmit but in the strength of the machinery. When the 
pump is used for air the force to work it will be the pres- 
sure of air per square inch multiplied by the area of the 
piston. 

A form of pump very generally used for forcing 
water, and known as the PLu^GER-PUMP, is shown in vertical 
section at C. / is the pump-barrel within which moves 
the plunger A, working water-tight through the stuffing- 
box i. Into the upper end of the plunger is securely 
cottered the pump-rod h\ cib the valve-box communicating 
by the passage d with the pump-barrel ; a is the inlet 
whence the water passes through the stalk valve h into the 
barrel during the ascent of the plunger. On the descent 
of the plunger the water is forced out of the barrel through 
the passage d and the stalk- valve e into the delivery pipe g. 

Yery large pumps are made on the plunger principle 

up to diameters of 50 inches, with as much as 11 feet 

stroke ; the plungers are then cast hollow. In order that 

the plunger may work as easily as possible in the stuffing- 
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box, it should after being turned be " draw-filed," that is, 
the file being held transversely to the length of the 
plunger, is drawn in the direction of the plunger's length, 
so that the minute grooves around the plunger left by the 
turning tool are filed off, and if any such grooves exist on the 
finished work, they are longitudinal, that is to say, in the 
direction of motion. The quantity of water forced at each 
stroke will be equal to the area of the plunger bottom 
multiplied by the length of stroke ; and as 6*25 gallons 
equal a cubic foot, i£ d=. diameter of plunger in inches, 
I =. stroke in feet, and q quantity of water discharged per 
stroke, in gallons, 

q = 6-25 X —f^ ^' X I = -034 d' I 

144 

Thus in the case of the large plunger above alluded to, the 
discharge would be — 

q = -034 X 50* X 11 = 935 gallons per stroke. 
The water was raised 102 feet, hence the nett work done 
per stroke was 

935 gallons X 10 lbs. per gallon X 100 feet = 935000 

foot-lbs. per stroke. 

This pump was worked by a single-acting Cornish 
engine, the plunger and its load or preponderating weight 
being lifted by the steam stroke, the down stroke being 
made by the preponderating weight. The preponderating 
weight is thus determined. That part of it required to 
overcome the friction of the engine is determined by direct 
experiment, the part necessary to raise the water is to be 
calculated; thus in the present case the height of lift 
being 100 feet from mid-stroke of the plunger, the pressure 
of the column of water on the plunger bottom would be 
•434 X 100 = 43*4 lbs. per square inch, and the plunger 
having an area = -7854 d^ = -7854 X 50^ = 1963-5 square 
inches, the total upward mean pressure of the water against 
the plunger will be 1963*5 X 43-4 = 85215-9 lbs., whichmust 
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be balanced by a cotTesponding qaantity of preponderat- 
ing weight on the pump rod: thie amounts to 38 tons, 
without the weight requisite to overcome the engine fric- 
tion and work the air-pumps, feed-pumps, &c. 

Pumps of such magnitude require valTOS of special 
form, for it may easily be imaged how great a ooncuasion 
would be produced on the valve-seat by an ordinary clack- 
valve, say 2 feet in diameter, falling upon its seat with the 
pressure of 100 feet of water on 
the top of it. To avoid this a valve 
is required which will fall rapidly 
and reach its seat before the column 
of 'water commences to return. 
Such a valve is the DonBLE-BKAT 
VALVE, shown in vertical eeotiou in 
Fig. 105. It has two seats, as 
shown, and when open the water 
passes through in the directions 
indicated by the arrows a a and b b. 
The valve is steadied by inside ribs 
and a central spindle; under the 
collar of the latter is fixed a leather 
washer to prevent concussion when 
the valve opens. The surface of 
the valve acting upon the water, or 
acted on by it, is the annular surface 
comprised between the two valve-seats, hence in propor- 
tion to the valve area a much greater pressure is exerted 
to overcome the resistance of the water than in a com- 
mon valve. Several other forms of valves have been 
used for the same purpose, but I have not space for their 
description. All metal valves must be truly fitted, by 
surfacing or otherwise, to their seats. 

It is evident that for the proper eflteet of a valve to be 
obtained, its rise should be such that the water-way be- 




Fig. 106. 



tn-een the seating 
and the edge of 
the valve ia not 
lesB than the area 
of the valve aper- 
ture. For a circu- 
lar valve the area 
willbe=31416r*, 
where r = radius, 
and if A = height 
of lift, the water- 
way between the 
Talve and its seat- 
ing =6*2832 rh; 
hence the proper 



In the douhle- 

beat valve let r =z 
the lesa, and r' ^ 
the greater dia- 
meter of the valve- 
aeate, then the ef- 
fective area of ttie 
valve is = 31416 
r'', and the area 
of waterway given 
by the rise of the 
valve ia=6-2882A 
(r + r'), therefore 



2 (r -I- r-)' 
I may observe that 
if r = »^, the valve 
ie not affected by 
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any difference of pressure above and below it ; it is then 
called an EQuiLXBRiuM-vAiiVE, and as such is used in the 
Cornisli engine to regulate the ingress and egress of steam 
to and from the cylinder. The nearer the value of r ap- 
proaches to that of /, the greater will be the pressure per 
square inch required to open the valve. 

For many years past the ordinary pump has for some 
purposes, such as supplying the feed-water to locomotive 
and other boilers, been displaced by the injector, a most 
ingenious apparatus illustrated in section in Fig. 106. 

It will be observed that in this arrangement the steam 
leaving the boiler passes through the injector, and re- 
enters the same boiler, carrying with it a quantity of 
water. At first sight it may seem curious that the steam 
propelled only by the boiler pressure, can again re-enter 
the same boiler, even without carrying any water with it ; 
but I think the action may be explained as follows. 

Suppose the area of the pipe leaving the boiler to be 
one square ihch, the steam in that pipe will move with a 
velocity proportional to the pressure behind it, say 100 lbs. 
on the square inch ; as the steam passes forward to that 
part where the cooling action of the feed- water can be felt, 
it is partially condensed, and therefore its sectional area is 
reduced, and there being the same weight of matter moving 
at the same velocity, we have the 100 lbs. pressure on h%B 
than a square inch, therefore the momentum of this partially 
condensed stream of steam is sufficient to overcome the 
resistance of the steam in the boiler and to carry in with it 
a supply of feed- water. 

The action of the injector must not be confounded with 
that of the ejector, the latter being used to exhaust the 
condenser or other vessel of air or other gas as may be 
required. This apparatus I will explain by a reference to 
Fig. 108, in which a current of steam passing from the 
passage a a around the nozzle c into the tube h, draws 
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througli that nozzle air througli the apertures ddd. The 
figure shows a vertical section of the ejectors used in con- 
nection with an atmospheric brake, subsequently to be 
described. Now the annular stream of steam rushing ^<w^ 
the aperture of the nozzle c carries with it the air in the 
centre of such annular stream, thus creating a partial 
vacuum in the passages d d. 

The first important application of the ejector appeared 
in Alexander Morton's Ejector Condenser, in which for the 
first time the air-pump was superseded by an ejector. 

The common condenser consists of a vessel into which a 
water-spray is thrown through a perforated rose, and the 
steam passing from the cylinder into the condenser, coming 
in contact with this spray, resumes its liquid condition. 

Another form of the same apparatus is that known as 
the SURFACE CONDENSER. In this the condensing medium 
does not come into direct contact with the steam to be con- 
densed, the latter passes into an aggregation of tubes, 
around which the condensing medium circulates. Generally 
in surface condensers water is used for the purpose of con- 
densation, but I am informed that a Leeds manufacturer 
has recently proposed to adapt to steam tramcars the air 
SURFACE CONDENSER invented by Mr. Craddock about twenty- 
five years since. The efficiency of a condenser is measured 
by the vacuum obtained, and I think it advisable here to 
explain the vacuum gauge as compared with the steam 
gauge. 

In speaking of steam pressure we say, for instance, 
50 pounds per square inch ; in speaking of vacuum we say, 
for instance, 25 inches. In the former case the meaning is 
evident to the merest tyro ; in the latter it must be explained 
that the 25 inches of vacuum means that the pressure in 
the vessel in which this vacuum exists is less than the 
atmospheric pressure by a quantity sufficient to support a 
column of mercury 25 inches high : thus, if the pressure of 
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the atmosphere were 30^ inclieB of mercury and the va- 
cuum 27 inches of mercury, there would be an absolute 
pre88V/re in the condenser of 3^ inches of mercury, or 1*596 
lbs. per square inch, the weight of one cubic inch of 
mercury being 0*491 lbs. 

When air-pumps of the ordinary construction are used, 
it is evidently necessary to make the valves as light, or as 
easily opened, as possible : for this purpose india-rubber 
valves closing upon gratings are frequently used, and where 
metal valves are employed they should be hung nearly 
vertically, so as to open under a very slight pressure, 
otherwise a good vacuum cannot be obtained. 

Surface condensers cooled by water require circulating 
pumps to keep the condensing water in motion ; in one 
form of Mr. Craddock's air surface condenser, the necessary 
circulation of air was maintained by causing the condenser 
(formed of tubes) to revolve rapidly, thus by centrifugal 
action causing a current of air from the axis to the peri- 
phery of the apparatus. 



CHAPTER Xn. 

BOILERS AND THEIR FURNACES. 

The design and arrangement of the boiler and furnace 
demand the same careful consideration as the engine, and, 
in fact, there are numerically more points to be determined, 
for whatever engine we use still the steam is the same^ but 
in different localities and under different circumstances the 
boilers must be worked with different fuels. 

Proceeding to determine the proportions of boilers, I 
will first consider the relation of heating surface to grate 
surface and fuel consumed. The heating surface is the 
metallic area which is on one side in contact with the water, 
and on the other exposed to the fi^me or hot gases from 
the furnace. To secure equal evaporative efficiency : — 

1. If the grate furnace is constant, the quantity of fuel 
consumed per hour should vary as the square of the heat- 
ing surface. 

2. If the heating surface is constant, the quantity of fuel 
should vary inversely as the grate surface. 

3. If the consumption of fuel is constant, the quantity of 
fuel should vary as the square of the heating surface. 

If C represents a constant depending on the type of boiler 
used, then these three laws will be embodied in the 
formula, — 

Q=:Cx — ( 1 ) 

a 

where Q = pounds of fuel per hour, h = area of heating 
surface, and a = area of grate surface. 
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Some characteristic types of boilers are illustrated on 
Plate lY. A is a longitudinal, and B a cross section of an 
ordinary Cornish boiler, consisting of a cylindrical shell 
enclosing a tube in which is placed the furnace. At a are 
fire-bars forming the grate, from whence the flames and 
hot air pass over the fire-bridge h along the flue h, thence 
the heated gases are conducted through flues passing out- 
side the sheU, and ultimately enter the chimney shaft, e c, 
is the sheU of the boiler, d and e the front and back ends, 
attached to the outer shell by the angle irons//, and to the 
internal flue by the angle irons yy. Sometimes the end 
plates are flanged roimd the edges to obviate the necessity 
of using angle irons there. » is the furnace door through 
which the fuel is introduced. 

The Manchester boiler differs from the Cornish in 
having two flue tubes instead of one, these being placed 
side by side. Sometimes tubes are placed across the flues 
to afford further heating surface, the water flowing freely 
into and through such tubes. 

Boilers in which small tubes are used are divided into two 
principal classes, tttbttlar boilers and ttjbulous boilers ; 
in the former the heated gases from the furnace pass 
throtLgh tubes surroimded by water, in the latter those 
heated gases pass a/round tubes containing water. In 
marine boilers the heated gases cannot be carried in flues 
outside the boiler, hence all the heating surface must be 
obtained within the sheU of the boiler. 

C, Plate lY., is a longitudinal section of a marine tubular 
boiler : a is the grate, whence the flames and hot gases 
pass into the chamber J, and outward through the tubes 
fixed to the tube plates c and <?, into the uptake e, which 
terminates at the base of the funnel, /is the steam space, 
and g and h the lower parts of the boiler, occupied by 
water. 

D ia a vertical section of a most ingenious boiler. 
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designed by Mr. William Whittle, of Smethwick, near 
Binningliam, and is called the Staffordshire boiler, a is 
the fire-grate contained in a truncated cone joining the 
base of the chimney h. This conical part is surrounded by 
another, so as to enclose a water space e^ opening at the 
top into the body, c c, of the boiler. The intense heat of 
the furnace causes a rapid rush of steam and water 
carried with it up the water space e, and to prevent prim- 
ing, there is at the outlet of this water space a deflecting 
plate dj and the space left vacant in e is instantly filled 
by water flowing from the body, c c, down the pipe /, so 
that however quick the evaporation, there can be no 
danger of burning the plates surrounding the furnace, so 
long as the boiler is properly supplied with feed water. 

E is a form of tubulous boiler, consisting of two vessels 
a and h, connected by small tubes in which the water circu- 
lates imder the action of heat. The boiler is enclosed in 
masonry which carries the furnace bars, the flame and 
heated gases pass amongst the tubes, and thence into the 
flues and chimney. 

The locomotive tubular boiler is illustrated in Chapter X. 

A Cornish boiler will bum from 6 to 10 lbs. of fuel per 
square foot of grate surface per hour ; hence taking the 
average duty of Cornish engines at 80,000,000 foot-lbs. 
per 112 lbs. of coal, the rule for grate surface will be as 
follows : — ^Let the average consumption of coal be 8 lbs. 
per square foot of grate per hour, H P = horse-power, 
Or = area of grate in square feet, then — 

G = — -— (nearly). 

The proper heating surface = S would be, if taken as all 
Iwrizontaly 

8 = 8-5 X HP. 

Vertical heating surface has only half the efficiency of- 
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horizontal heating surface, assuming that such horizontal 
surface is above the flame or heated gas ; hence all vertical 
surface taken in the total quantity determined by the above 
formula must be doubled. Comparing the two f ormulse, 
the ratio of heating surface to grate surface in the Cornish 
boiler is found to be — 

S^ 8-5 X HP — 8-5 X 3 = 25-5. 
G HP 



In practice it wiU be sufficiently accurate to make the 
heating surface 26 times the area of the grate surface. 
In the equation (1) the value of C for Cornish boilers 

will be — 

C = Q,^, ^ = _3x_l_ _ Q.0118 
¥ 676 

An ordinary factory boiler will burn about 15 lbs. of 
coal per square foot of grate surface per hour : hence if 
the engine is working with a consumption of 5 lbs. of coal 
per horse-power per hour, the grate surface will be in the 
same proportion as above, and also the heating surface; 
but if an engine (compound, for instance) be working at a 
consumption of 3 lbs. of coal per horse-power per hour — 

HP 



G = 



and. 



8 = 8-5 xHP.-. -g-= ^'^^^^ =8-5x5 = 

~~5 
42-5 = (say) 43. 

Hence the value of C for such boilers will be — 

C = _Q><JL = JlAi- = 0-0081. 
h' 1849 

In locomoiiYO furnaces the greatest quantity of fuel is 



CORNISH BOILER. 171 

consumed per square foot of grate surface per hour, vary- 
ing from 40 lbs. to upwards of 100 lbs. ; this rapid combus- 
tion being due to the strong draught caused by the blast, 
the waste steam discharged into the chimney acting as an 
ejector, and so drawing a strong current of air through the 
furnace, and the tubes leading from the fire-box, to the 
smoke-box upon which the chimney is mounted. The 
range being so wide it would be useless to give a special 
formula for grate surface, but the following general rule 
may be foimd useful: — Let F =: consumption of fuel per 
square foot per hour; /^ consumption per horse-power 
per hour ; then — 

F 

In some high-pressure non-condensing engines the con- 
simiption of fuel is very heavy, amounting to 9 or 12 lbs. 
of coal per horse-power per hour, and this would give a 
ratio of grate surface to heating surface as 1 to 11. But 
experience indicates that a mean between this and the 
ratio for a Cornish boiler will give the most satisfactory 
results, as regards evaporative efficiency ; the mean ratio 
will be — 

.^+JL=18.5. 
2 

As to the proper capacity for steam-boilers per horse- 
power, there has been much conflict of opinion. After 
many years' experience. Sir William Fairbaim fixed upon 
15 to 20 cubic feet as the proper allowance, after deducting 
the space taken up by flues ; but Mr. Eobert Armstrong 
(one of the best authorities on boilers) always maintained 
that 27 cubic feet per horse-power should be allowed, one- 
half for water and the other for steam. These quantities 
will not, of course, apply to tubulous or sectional 
boilers. 

No general rule can be laid down for the ca^«.Q.\fc^ ^^ 

1^ 



172 MECHANICAL ENGINEERING. 

boilers, their forms varying so widely ; but it is important 
to furnish ample steam-room, so that no great fluctuation of 
boiler pressure shall accrue upon the withdrawal of a 
cylinder full of steam at each stroke of the engine. The 
steam also must not be drawn close to the surface of 
the water in the boiler, otherwise the aqueous particles 
which are carried with it will cause priming iq the 
cylinder, that is, to use a domestic term, the boiler 
" boils over " into the cylinder, and unless ample provision 
is made for the escape of water from the cylinder, serious 
accidents may occur, for water beiug practically iucom- 
pressible, if the piston encounter solid water towards the 
end of its stroke, either the piston or the cylinder-cover 
trnist hreak. Marine boilers using salt-water are the most 
likely to prime, therefore marine- engines are fitted with 
ample valves to allow the escape of water from the 
cylinders ; these valves are held upon their seats by 
springs sufficiently strong to prevent the escape of 
steam, but yielding to the ** solid" pressure of the 
water. 

The steam passing from the boiler to the cylinder may 
be dried by passing it through a super-heater, which in 
its commonest form consists of a collection of pipes around 
which the steam passes on its way to the cylinder, and 
through which the hot gases from the furnace pass on 
their way to the uptake and chimney. There is, though, a 
disadvantage in using highly superheated steam, because it 
dries and renders inefficient the engine packings. 

The general rules for horse-power of boilers may be 
summarised as follows : — Let H P = horse-power, a = 
horizontal heating surface in square feet, A = vertical 
heating surface in square feet, then 

8-5 
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Or let A = ?, thenHP = ?J<^+^. 
n 8*5 X » 

If, for instance, a = 100 feet, and » = 4 ; H P = 



4x100 + 100 ^_, 

g.g . = 14"7 norse-power. 



8-5 X 4 

Tubular Boilers. — For tubes having half their surfaces 
exposed to the heat (as in the Cornish and Manchester 
boilers), let I = length in feet, d = diameter in inches, then 

H P = — : for tubes having their entire surface exposed 

Id 
to the heat the formula becomes H P = ^.. 

We must now consider the proportioning of boilers in 
regard to strength. Let s = ultimate tensile strength of 
the iron used for the boiler in lbs. per sectional square 
inch ; t = the thickness of the boiler-sheU in inches ; p = 
internal (maximum) pressure of steam in lbs. per square - 
inch ; and r = radius in inches, then taking the working 

strain as 1 the breaking strain, for solid work t = -^^— ; 

10 p T 

for single-riveted work, t = — - — ; and for double- 

I'bpr 
riveted work t ■=. 

8 

The resistance of wrought-iron tubes to crushing pres- 
sure was determined by Mr. William Pairbaim, whose 
experimental researches in matters connected with en- 
gineering science are unequalled both in extent and 
magnitude, and from his experiments the following for- 
mula is deduced. Let t = requisite thickness of metal in 
flue-tube ; / = leng^ in feet of tube ; d = diameter of 
tube in inches, or, if it be elliptical, the diameter fitting 
the flattest part of the tube ; p = the pressure in pounds 
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per square inch above the atmosphere on the exterior of 
the tube ; then 



V 1612C 



161200 

If the tubes be long, they may be virtually divided into 
shorter ones by fixing in or around them strong angle or 
T-iron rings. 

In boilers having flat sides, such as the common square 
marine-boiler, and the water-spaces outside the fire-box of 
a locomotive-engine, it is necessary to use stays in order to 
prevent the plates from bulging out. The plates in this 
case are subject to transverse pressure, hence the rule by 
which to determine their thickness is found from the 
general laws of the resistance of materials to that kind of 
strain. Let^ = pressure in lbs. per square inch; d = the 
greatest distance between stays in inches ; t = thickness of 

stayed-plates in inches ; then t = 0*008 d s/p. The stays 
supporting the plate are subject to tensile strain. Let a = 
vertical distance between stays in inches, and h the hori- 
zontal distance ; d ■=. diameter of stays in inches ; then d = 



-^ . If the vertical and horizontal distances are equal, 



a 



the formula becomes ^^=77^ sjp* . 

The APPENDAGES OF BOILERS are saf eiy-valves, pressure- 
gauges, feed-pumps or injectors, and gauge-glasses for 
water-level, and in some cases alarm-whistles to indicate a 
dangerous fall of water-level, whereby some of the flue- 
tubes being heated, an explosion or collapse might ensue. 

The safety-valve is a valve opening outwards, and loaded 
to the maximum pressure in lbs. per square inch to which 
the boiler is designed to work. 

The pressure-gauge indicates the pressure per square 



korting's injector* 175 

inch in the boiler, being actuated by an elastic Bourdon- 
tube (as used in Kenyon's indicator), or by a corrugated 
plate like those used in aneroid barometers. The gauge- 
glass is a glass tube held between two cocks attached to 
the boiler, the upper in the steam- space, the lower below 
the water-level, so that the level of water in the boiler 
can always be observed in the gauge-glass. Feed-pumps 
are usually of the plimger class, but these are almost dis- 
placed by the injector. 

The injectors will only work with feed- water under a 
certain temperature, when lifting. Sorting's injectors 
work at any steam-pressure between 12 lbs. and 150 lbs. 
per square inch, and if non-lifting, with steam-pressure of 
30 lbs. to 75 lbs. per square inch ; the temperature of the 
feed-water may be as high as 145° F. These injectors 
when lifting the feed- water will work with the latter at a 
temperature of 140° F. if the lift is under 7 feet. They 
will lift cold water about 20 feet. 

I now pass to the practical construction of boilers — a 
branch of engineering requiring great care and attention. 

Boiler-plates must be of very sound and homogeneous 
structure, for it is to be remembered that the weakest part is 
the measure of its strength, and moreover, boiler-plates are 
subjected to certain manipidations, such as bending and 
flanging, which tend to try the fibrous texture of common 
merchant iron. Boiler-plates have less tensile strength 
across the grain than with it; hence in testing such 
material, samples should be cut in both directions. 

While on this subject I wiU remark on plating-work 
generally, so as to include tank and girder work; for 
wrought-iron girders are frequently used to support marine 
boilers, and the frames of locomotive-engines are in- 
variably of wrought iron. I may here mention in regard 
to the use of steel for boilers, that I should not adopt that 
material unless I coidd secure personal supervision of the 
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work, its structure being so variable that it is not to be 
relied upon under a general specification. 

"We have in boiler-making generally a great advantage 
over girder- work, inasmuch as the manufacturers cannot 
very well put in inferior work or materials without being 
detected, and moreover the makers of engines and boilers 
seem to take a greater interest and pride in the good 
qualify, both of materials and workmanship, than girder 
bmlders, amongst whom a thick coating of paint will cover 
a multitude of imperfections. 

Plates that have to be curved should be bent hefore 
punching or th'iUing, and drilled by a radial drilling machine, 
for if the plates be first punched or drilled, the subsequent 
bending distorts the rivet-holes, and the rivets when set up 
will not be of the proper form requisite to insure the 
maximum of strength. 

As to the matter of riveting, per se, there is not much to 
be said ; there is very little hand-riveting done now, the 
steam-rivetter having superseded it, and in turn been 
almost superseded itself by the hydraulic-riveters, which 
possess such great advantages as to portability and general 
handiness ; and it really is a pleasure to see the quiet, we 
might say ima.ssuining, way in which one of Tweddle's 
riveters closes up a rivet with thirty tons pressure noise- 
lessly applied. 

One practice which has been only too common must be 
strongly protested against, and that is the driving up of 
the snap by which the rivet-head is finished until it cuts 
into the plate, for such cutting-in destroys a portion of the 
sectional area of the plate, thus weakening the work ; in 
fact, if there is any collar round the rivet-head it should 
not be cut off. 

In regard to pimched work, I some eleven years back (in 
my treatise on "Bridges and Gfirders," Weale's Series) 
jreeommended a practice I then used of punching the holes 
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smaller tlian the finislied size and clearing out to tlie full 
size by a pin-drill, and I have found this method perfectly 
satisfactory in practice ; thus if a J-inch hole is required it 
may be punched J-inch and drilled out to f -inch diameter ; 
thus the strained portions of the material are removed. 

In setting boilers, the seatings must be so arranged that 
the boilers do not get strained when expanding im.der the 
influence of heat ; in locomotives the boilers are fixed at 
one end only, being supported by slides at the fire-box 
end, otherwise they would hump-up and put a transverse 
strain on the shells. 

In conclusion it may be observed that the safest boilers 
are those consisting of tubes of small diameter ; for not 
only are they generally much stronger than larger tubes, 
but if one should burst, such accident will not be attended 
by the calamitous results accruing from the explosion of a 
boiler of large diameter. 



iS 



CHAPTER Xin. 

RAILWAY AND TRAMWAY APPLIANCES. 

Amongst the most important railway appliances are those 
designed to insure the security of the passengers and 
servants of the company ; that is, the brake arrangements 
and the interlocking gear used to prevent the possibility of 
error in the setting of the signals. I shall first deal with 
the brake question. 

The primary object of the brake is simple enough, being 
to absorb by friction the accumulated work, or momentum, 
of the train ; but various considerations are involved which 
really render the subject somewhat intricate. A ^perfect 
brake should possess the following qualities : — ^It should 
be automatic, or self-acting, in case of accident ; that is, if 
the train should separate, the brake ought to put itself on, 
but in such a way that it can be readily taken off ; the 
retarding effect should not be so sudden as to jerk the 
passengers ; the brake should be perfectly imder control of 
both engine-driver and guards; the brake meichinery 
should be as simple as possible, and so arranged that it 
cannot be unduly strained by the unequal wear of the 
brake blocks, which press upon the carriage- wheels. 

The best brake is that which will bring a train to rest 
in the shortest distance, and for that distance take the longest 
time, and for this reason : — Suppose atrain to be running into 
a station where there is already, on the same line, a train 
standing ; now of two brakes, both capable of bringing a 
given train at a given speed to rest in the same distance, 
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that whicli occupies the longer time gives more time for the 
train in front to get out of the way. From this it appears 
that the retarding effort should rapidly increase from the 
first imposition of the brake, but experience shows that 
the wheels should not be skidded or stopped, and the 
reason is evident ; if the wheels are skidded, the surface of 
friction is only a very narrow band of contact between the 
wheel and rail, whereas, between the wheel-tire and brake- 
block there is a large surface, and although the friction of 
solids is as the pressure regardless of surface, yet practi- 
cally this does not apply when the surfaces/wm/? from each 
other as the skidded wheel of a railway-carriage jumps 
from the rail. An arrangement has been patented by 
which the brake is lifted off the wheel as soon as the 
latter skids, thus keeping up a fluttering action of the 
brake calculated to have a "churning" effect upon the 
passengers. 

So soon as the necessity of applying continuous brakes to 
trains became apparent, the Patent Office was flooded with 
specifications of improvements of various orders ; from the 
lump of wood m the vacuum chamber of Mr. Haughton to 
the refined designs of the accomplished mechanicians who 
have devoted their abilities to this important subject. I 
cannot pretend to give even a brief review of all these 
inventions, and therefore I select for illustration that 
which appears to me to be the most perfect in its action — 
Eames's Automatic Vacuum Brake. 

The general arrangement of this brake is shown in Fig. 
107, the ejectors by which it is attached being iUustrated 
in Fig. 108. 

In Fig. 107 the working parts of Eames's brake are 
shown in vertical section, a is the vacuum chamber, closed 
by the elastic diaphragm h J, carrying the metal discs c c, 
bolted together by a nut and bolt terminating in an eye, d, 
to which the link working the brake-lever is attached. 
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Jn the position shown the brake is on, the diaphragm 
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being pressed up by the atmosphere, there being a partial 
vacuTim in a, eis the end of a v«icuTim vessel attached to 
each carriage and kept always exhausted by a small 
ejector, to be described subsequently; there is always 
maintained (by this ejector) a vacuum in the /* automatic 
pipe" and the vessel e. Before the train starts, the small 
ejector {e, Fig. 108) being put in action exhausts the 
automatic pipe — ^which with the plain pipe runs the whole 
length of the train — ^and through the passage p, the space 
above the elastic diaphragm /, drawing that diaphragm 
upwards and closing the valve t, carried on the stem of the 
discs embracing the diaphragm/. This diaphragm having 
risen, aided by the light-starting spring A, the valve ff 
opens, and through it the vacuum chamber e is exhausted. 
The valve i being closed and its stalk raised, the valve k is 
free to open to the atmospheric pressure ; thus letting the 
valve I close by the action of the spiral spring surrounding 
the spindle to which it and the valve m are fixed, the 
latter (m) being then open and the brakes off. 

The driver can now put the brakes on by starting the 
large ejector {c, Fig. 108), and so creating a partial 
vacuum in a. 

A rupture of the automatic pipe, or the opening of 
valves connected with it, and under the control of the 
guards, destroys the vacuum in that pipe, when the valve 
ff closes by the atmospheric pressure entering through^ ; 
then the diaphragm / is forced down into the position 
shown in the figure, opening the valve i and closing the 
valve k. A communication being thus made with the 
vacuum- vessel e, the valve I is forced open by the air in a, 
which thus becomes partially exhausted, putting on the 
brakes, the vacuum-chamber being re-exhausted through 
the plain pipe by an action subsequently to be described. 
(Beinforcing the vacuum is a term sometimes used, but it 
is so grossly illogical that I exclude it.) 
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Fig^. 108 ahowsaTertical sectioQ of the ejector apparatoB 
used with the Eamee's brake. / U the end of a pipe open- 
ing from the boiler, whence, througli the cock i, the ateam 
passes to the 




tic pipe la m 
connuunication 
with the space 
above the elas- 
tic diaphragm 
I, connected 
with the stem 
Jt, thelowerend 
of which holds 
the end of the 
, car- 
ried on a centre 
Fig. 108. »'■ Now so long 

as the vacuum 
ia maintained above the diaphragm I, the valve ff is held 
down over the steam opening/; but directly that vacuvun 
ieloat, ihe ateam forces up the valve y, and rushing through 
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the passages ^ a, actuates the large ejector Cy and acting 
thi'ough the valve (m, Fig. 107), re-exhausts the chamber 
{a, Fig. 107). From this it will be seen that as soon as 
the vacuum in the plain pipe exceeds that in the vacuum- 
chamber {e, Fig. 107), the valve (m. Fig. 107) will open, 
and (?, Fig. 107) close, the brakes being then held on 
through the plain pipe. It is evident, then, that the act 
of destroying the vacuum in the automatic pipe not only 
brings the vacuum vessels (^, Fig. 107) into action, but 
also starts the large ejector c. 

q is the waste-pipe from h, the jacket of the large ejector 
0. To destroy the vacuum in the plain pipe and release 
the brakes, the engine-driver actuates a slide-valve worked 
by the handle m, secured in its position by a spring catch, 
n ; then the atmospheric pressure forces down the valve o. 
and through the passage d the air enters the large ejector 
and plain pipe. ^ is a light spring to hold the valve o up 
to its seat when not in action. In case of an etccident 
occurring, smashing both automatic and plain pipes, and 
leaving the brakes on, they can be released by hand, by 
opening the valve n by the lever m. 

There is great difficulty in determining the relative 
efficiencies of brakes, because there have never yet been 
made any trials which afford information on the subject of 
any practical value. 

The way in which trials have been made are as follows : — 
Several trains fitted with different brakes have been run 
on a certain length of railway, the distances run after 
application of brakes, and the corresponding times being 
registered with more or less (generally less) accuracy; 
then from such trials tables have been calculated and 
reports printed. The utter worthlessness of such tables 
and reports is so obvious that it is almost waste of space 
to point it out ; but still as my younger readers might be 
misled in this matter, a little explanation may be allowable. 



I 



184 MECHANICAL ENGINEERING. 

In the trials referred to the retarding effects of the train 
friction has not been taken into consideration, but the 
reductions to a common speed have been worked on the 
very false supposition that all the trains exhibited the 
same tractive resistance ; hence the results printed, I can 
hardly say arrived at, are about as useful, practically, as 
the imaginings of the ancient alchemists. In order to 
compare fairly competing systems, they should be fitted to 
one and the same train of carriages, and being applied in 
* succession under the same conditions, an estimate of their 
relative values may be made. This of course would 
involve considerable outlay, and as some interest leads to 
the outlay incurred in these trials, it is not likely that any 
reliable experiments will be made until the matter is taken 
up by the Gk)vemment. 

I shall now leave this generally unsatisfactory subject, 
and pass to the consideration of inteblooking geab. 

The interlocking gear to which I refer is that used to 
prevent, mechanically, the possibility of putting railway 
signals and points in such positions as may lead to acci- 
dents ; and in the first place it is necessary to show what 
is required for safety. The methods of securing it are 
numerous, but mostly clumsy. 

The normal position for a signal on a railway is at 
*' danger," and from this position it is drawn (down or up 
as the case may be) when the line is clear for the passage 
of a particular train ; moreover, the signals should be so 
arranged and weighted that if any signal-wire breaks, the 
signal with which it is connected will remain at danger ; 
or, if not in that position, will fly to it. 

Such mechanical arrangements must also be applied as 

will prevent the possibility of putting the signals in 

contradiction to the points, and vice versd ; and similar 

Appliances should control the gates at *' level crossings" 

— that 18, where roads cross the railway on the same 
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level, and where, therefore, the traffic passing by road 
stops that by railway, and the reverse. 

It is evident that very simple mechanical elements will 
be sufficient to secure what is required, when only a few 
levers working the points and signals are necessary ; but 
at large stations and junctions the machinery becomes very 
extensive, and the more so as, in addition to the locks con- 
necting the action of the signal with the point-levers, others 
are requisite to control the points in such a way that it 
shall be impossible to move them during the passage of a 
train over them. The multiplication of such simple ap- 
pliances as rocking-levers working by wedge actions will 
cause an amount of friction almost too great to be over- 
come by manual force ; hence some more easily worked 
machinery is necessary. 

In Fig. 109, A shows a front view and B a vertical 
section of an arrangement of locking gear invented and 
patented by Mr. E. Elliott Cooper and myself some years 
since (the Patent -right was purchased by Messrs. 
Saxby and Farmer) ; the object being so to arrange the 
elements that the gear might work with a minimum of 
friction, and by simplicity of parts to secure economy, 
both in first cost and subsequent repairs and renewals. 
The principle of the apparatus is as follows : — Attached to 
each lever and revolving upon the same axis with it is a 
very slow-threaded screw, which, taking into a notch in a 
bar placed parallel to the axis upon which the lever 
oscillates, mcfves such bar longitudinally in one direction 
or the other, according to whether the lever is pulled over 
or pushed back. Not only is the sliding-bar so moved, but 
by reason of the thread of the screw holding in the notch, 
the bar is retained in the position to which it has been 
moved until the signal or switch lever is restored to its 
former position, when a notch in the screw-thread is 
brought opposite the sliding-bar, so that the latter is free 
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to be moved by another thread ; and -when bo moved the 
sliding-bar, by taking into the notch of the first screw, 
will hold, or loch, it and its lever until another movement 

In the figure the same letters refer to the same parts in 
both views. At B, the vertical section, is seen o, the lever, 
fixed in the boss h, carrying the screw thread rf, in which 
are two notches g g, one for front and the other for back 
locking; CO are two eliding bars (of which any required 




Fig. 109. 



number may be placed around the bosa h) ; the boss and 
lever oscillate upon the dead centre /; h is the lower end 
of the lever to which the switch rod is attached (in the 
case of a signal lever, locking in one direction only is 
requisite). 

In A, the front view, are shown six levers, a\ to a 6, 
with their bosses b and screw threads d carried upon a 
common dead centre//, supported in frames e e ; ec'm the 
front eliding or locking bar. 

By pulling over lever al, ee will evidently be travelled 
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to the right, and thus will lock certain other levers ; then by 
pulling over lever a 2, the same bar, travelling farther, will 
lock « 1, so that a 1 cannot be put back unless a 2 has pre- 
viously been put back, when, reciprocally, the motion to 
the left given to the bar c c by the screw oi a\ will lock 
a 2. I think this will be sufficient to illustrate the principle 
of action of the apparatus, and therefore will not occupy 
more space with its description ; its simpliciiy is obvious. 

Of late years great advances have been made in the 
matter of road tramways, and efforts to establish steam 
traction upon them have been persistent. The difficulties 
presenting themselves, so far as the use of the steam-engine 
is concerned, are identical with 
those that obstructed the intro- 
duction of the common traction- 
engine, viz. noise, &c. tending to 
frighten horses ; but in addition 
to this, there has been some 
trouble in finding a rail that 
shall suit alike the users of the 
tram and those of the road. In 
Fig. 110 is shown a section of 
tram-rail recently laid in Leeds by Mr. T. Q-. Hardie, the 
patentee ; it appears to me to possess several points of 
great value. The chair, which is continuous, is shown by 
the section adc efhj and upon this (which is of cast iron) 
is placed the wrought-iron rail gih. The web cd i% oi 
greater thickness than that ef, for the former is under the 
centre of gravity of the load. In the rail itself the 
groove i is made much deeper than in the ordinary tram- 
rails, and on the left, that is, the '* tread" side of the 
wheel, its side is vertical^ so there can be no friction 
against it of the flange. The general arrangement will 
be seen, from the figure, to be such that the paving can 
be laid close up to the wrought-iron rail. 
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CHAPTEE XIV. 

MILL-WORK, GEARING, AND MACHINERY. 

The steam-engine in a mill is tlie prime mover of a train 
of machinery driven by shafts, belts, toothed gearing, 
and various other appliances. Such mechanical appliances 
I am now going to describe. 

I will first deal with that case in wbich the power of the 
steam-engine is transmitted in the first instance by a belt. 
Now it is evident that the strain upon the belt, taken at its 
maximum, will be equal to the total pressure on the 
piston multiplied by the radius of the crank and divided 
by the radius of the driving-dnmi, pulley, or rigger ; thus, 
for instance, if we have a piston of which the area is 530 
square inches, with a maximum initial pressure of 50 lbs. 
per square inch, we shall have a total force upon that 
piston of 26,500 lbs., and assuming the crank to be 24 
inches radius, and the driving-dnmi 36 inches radius, the 
tension upon the belt will be 39,750 lbs., and the belt 
must be proportioned to bear this strain and a margin 
allowed for the jerks consequent upon starting the engine, 
and also those accruing from sudden alterations in load 
or resistance, such, for instance, as the sudden throwing 
into gear of circular saws. 

In making riggers to carry belts it is necessary to bear 
in mind that their peripheries should not be portions of 
cylinders, but should have the figure of the greatest zone 
of a sphere, otherwise the belts will be liable to slip off : 
the reason of this is easily explained ; if one part of the 
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periphery of a rigger is of greater diameter than another, 
the belt will be more strained at that part than at those 
where the diameter is less, hence the band will always 
exhibit a tendency to rise to the highest part of the peri- 
phery of the rigger or drum upon which it is working ; 
hence if the periphery is spherical in its form, the belt will 
always tend to keep upon its centre. 

It is necessary that riggers should be accurately turned, 
so as to revolve truly about their centres of suspension, for 
if there be any eccentricity in their revolution it will cause 
the belts to slip, losing their hold as the shortest radius 
comes into action : and it is moreover important that the 
peripheries should be smooth, as any rugosity may cause 
the belt to slip. It will also be necessary to proportion 
the width of the rigger to its diameter, so that the friction 
between the belt and the surface of the rigger is sufficient 
to transmit the maximum power required by the machine 
driven by such rigger. 

The coefficient of friction of strap or belt leather upon 
cast iron is -38 of the radial pressure ; hence calling the 
tension 40,000 lbs. we shall require for such a belt a radial 

pressure of • .^^ = 105263 lbs., and the rigger must be 

made strong enough to bear this strain. If the rigger is 
made with arms, each arm must be strong enough to carry 
safely as working load the whole radial pressure, which is 
about 47 tons. The ultimate strength of cast iron is 45 
tons per sectional square inch, and we may assume that 
the arms of the riggers are sufficiently short to exert the 
whole resistance of the metal without flexure ; hence taking 
10 as the factor of safety, the working strength will be 
4-5 tons per sectional square inch, we shall therefore re- 
quire in each arm of the rigger 10*4 square inches. 

This radial strain will also come upon the shaft in the 
form of shearing strain tending to shear through the fthait 
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at its points of support. I shall here assume that the 
shaft bearings are placed as any competent millwright 
would place them, that is, close to the rigger, then we 
shall have no bending strain upon the shafting ; the ulti- 
mate shearing strength of wrought-iron bars may be taken 
as 22 tons per sectional square inch, then the working 
resistance will be 2*2 tons per sectional square inch, and 
for the above strain the area of journal required will be 

47 

qTo = 21*3 square inches, corresponding to a Tnim'mum 

diameter of (say) 5 J inches, and in no part of the main 
driving shaft must the diameter be less than this. 

Where the shaft bearings are carried by brackets, or 
hangers, care must be taken to provide in such brackets, 
or hangers, sufficient strength to resist the transverse 
strain brought upon them regarded as cantilevers. 

For the method of determining the strength of such 
cantilevers, I refer my readers to my treatise ** Materials 
and Construction,** in which transverse strains are dealt 
with. 

It is necessary that the shafting should be accurately 
turned, otherwise a sag will occur, which, by the revolu- 
tion of the shafting, will gradually bell-motjth the bear- 
ings in which such shafting revolves. 

Where the machinery to be driven requires a power 
greater than that which can conveniently be transmitted 
by belts, toothed wheels, or spue-geaeing, must be em- 
ployed, or in some cases the tangent screw and worm- 
wheel will be preferable. As in all kinds of machinery 
screws are required either to hold the framework together, 
or as an element in the running gear, I will now describe 
the use of the lathe as used for cutting screws. 

A, Plate n., shows a lathe in which the leading screw 

passes longitudinally through the bed of the machine ; by 

this screw the slide of the lathe is travelled longitudinally. 
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Now let us suppose that we wish to cut a screw with a 
thread the same as that of the leading screw of the lathe : 
if we put such spur-wheels upon the end of the leading 
screw and the headstock of the lathe, that the work being 
operated on in the lathe revolves once for one revolution 
of the leading screw, the thread cut upon such work will 
be of the same pitch as the leading screw itself. By pitch 
is meant the distance from the centre of the thread mea- 
sured to the centre of the same thread after one revolution, 
such measurement beinsr of course measured parallel to 
the axis of the screw, 'a screw is not necessarily single 
threaded ; that is to say, several threads may be cut upon 
one axis, and where quick-threaded screws are required, 
multiple threads are commonly used, in order to give the 
strength requisite without inordinately enlarging the dia- 
meter of the screw. 

While speaking of strength I may as well point out that 
the strain upon a screw tends to shear off the thread ; 
ordinary iron, bearing 22 tons per sectional square inch, 
will give a working strain of 2-2 tons per sectional square 
inch. In a square-threaded screw, accurately cut, the whole 
shearing surface is available ; but for common iron a wider 
margin should be allowed. 

There is no manufactured article known to mechanical 
engineers in which the workmanship varies so widely as 
in screws and bolts. In engine-work the screws are usually 
made of tough scrap-iron, and are accurately turned, or 
CHASED, in a lathe. Good threads may be obtained in 
screwing-machines by the use of dies properly formed, 
because the manufacturers of engines and machinery 
generally take a pride in turning out creditable work; 
but, on the other hand, the bolts supplied by bridge 
manufacturers are commonly ** scamped" up in a screwing 
machine driven at a higher velocity than the metal used is 
fitted to sustain, the result being a thread partly cut and 
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partly squeezed up, which, instead of presenting a clearly- 
defined edge on its summit, exhibits only too often a 
ragged groove ; and the unscrewed part of the bolt, instead 
of being properly turned (even if specified so to be), is 
brightened up on a ** Sheffield file" — ^that is, a grind- 
stone. 

To return to the method of cutting screws correctly. 
K we require a screw differing in pitch from the leading 
screw of the lathe, it will be necessary to interpose such 
CHANGE WHEELS as are required to time the revolutions 
of the work in the lathe to those of the leading screw ; 
thus, if the leading screw have a pitch of 1 J inches, and 
we want a screw of 1 inch pitch, the radii of the wheels 
connecting the mandril with the leading screw must be as 
4 to 5. Screw-cutting lathes are furnished with change 
wheels requisite to produce all pitches ordinarily required. 
If a left-handed screw is required, this is obtained by re- 
versing the motion of the slide-rest, by the interposition 
of an IDLE WHEEL, which reverses the motion of the 
leading screw without altering the pitch of the thread. 

In order to secure good and dean work, the cutting edge 
of the tool should be so turned as to cut at an angle cor- 
responding to the pitch of the thread ; and in some cases it 
will be necessary to lay the cutting tool on its side, this being 
required in the case of very quick-threaded screws — such 
as occurred in some steering gear constructed by Messrs. 
Westwood and Baillie in 1866, which I will now describe 
as affording the best example which has come within my 
personal experience. 

* In the apparatus to which I refer there was, attached 
to the top of the rudder-post, a cast-iron cylinder in which 
a very ** slow thread " was cut completely through the thick- 
ness of the cylinder ; into this thread fitted slides actuated 
vertically — that is, in the axis of the cylinder — ^by an 
ordinary slow- threaded screw ; these slides were prolonged, 
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and at their outer ends worked in vertical guides. The 
pitch of the thread was about 3 feet on a diameter of 
10 inches. The screw-cutting lathes are not furnished 
with change wheels suited to give so quick a pitch: 
hence it was necessary to cut a new leading "Screw of the 
quickest thread the machine could produce, and by means 
of that to actuate the slide-rest, laying the cutting tool 
upon its side so that it cut at an angle of about 10^ to 
the horizon. 

While dealing with screws I may as well describe the 
TANGENT-SCREW and WORM-WHEEL, an elevation of which is 
shown at Fig. 111. Here the 
screw, instead of working 
in a nut, actuates the teeth 
of a properly cut wheel, a a 
is the shaft upon which the 
tangent-screw h is cut, this 
screw taking into teeth upon 
the periphery e of the wheel d^ 
carried upon the shaft shown 
in section at/. As the power 
transmitted to the wheel causes 
a longitudinal strain upon the 
shaft aa^ it is necessary to 

provide some resistance beyond that ordinarily afforded by 
shaft-bearings ; this is done by turning grooves cc in the 
shaft, the bearings having collars to fit them. 

In making these worm-wheels it is highly important 
that the teeth should accurately fit the tangent- screw ; 
therefore, after the wheel has been roughly cut, the teeth 
should be finished by a hob of the same diameter as the 
tangent-screw intended to work in the worm-wheel. A 
tob is a steel screw with its thread cut at intervals so as 
to form cutting-edges, which cutting-edges clean out the 
teoth of the worm-wheel so that it will accurately fit the 




Fig. 111. 
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tangent-screw ; and the importance of this is great, as 
the only objection to this powerful mechanical combination 
is the friction between the screw-thread and the teeth of 
the wheel. Its great advantage over spur gearing is, that 
whereas in the latter we have to rely upon one tooth of a 
wheel, in the former the thread has hold of three or four 
or more teeth of the worm-wheel. In case of excessive 
friction, it may be as well to put a little flour-of-sulphur 

into the oil ujsed for 
lubricating the tan- 
gent-screw, and also 
the bearings in which 
its shaft revolves, as 
such a precaution pre- 
vents heating. It is, 
however, only fair to 
say that with properly 
designed spur gearing 
there is no friction 
whatever between the 
teeth. 

In spur gearing the 
teeth must be made of 
such a form that their 
contact produces only 
rolling motion. In 
order to obtain this result it is necessary that where the teeth 
of the wheels meet, a tangent plana to the lines of contact 
should be at right angles to the direction of the force 
transmitted from one wheel to another. The cycloidal 
form of tooth meets the conditions thus imposed, and the 
method of drawing the profile of such tooth is shown in 
Fig. 112. A is an outline elevation of a pair of spur- 
wheels, on each of which are shown three teeth ; of course 
theee teeth in practice are continued all round the wheels. 




Fig. 112. 
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c c are the shafts carrying the spur- wheels, a and i ; the 
virtual circles of contact, called the pitch circles, are 
indicated by the dotted circles ddd and eee. At By ff is 
the pitch circle, ^ g the outside circumference of the wheel, 
and hh a circle struck at the roots of the teeth, k I and n i 
are segmental templates. A pencil being attached to ^ ^ 
at the point m will, when the segment hi ia caused to roll 
upon the pitch circle//, describe a line m I ; and in like man- 
ner a pencil attached at the point m to the template n i will, 
when n i is caused to roll on the inside of the pitch circle //, 
describe the line m n ; then nml will be the profile of the 
tooth. The part mlis an epicycloid, and the part mn is a. 
hypocycloid. If we have a tooth- wheel gearing in a rack, 
the template for the rack will roll upon a straight line. 

We have now to consider the strength of the tooth. A 
cantilever of sound cast iron, 1 inch long and 1 inch square, 
will break with a load of 8,000 lbs. applied at its end ; 
therefore, using the same factor as before, the working load 
will be 800 lbs. Now the strength of the teeth will vary 
inversely as their length, directly as their breadth, and as 
the squares of their thickness {see '* Materials and Construc- 
tion," by the author). 

The following are the proportions practically adopted for 
the teeth of wheels. 

Pitch 100 

Depth 76 

Working depth 70 

Clearance 6 

Thickness 45 

Width of space 55 

Play 10 

Length beyond pitch-line 35 

The proper thickness of tooth, the length being 2 inches, 

2 X 45 
will be — «7T — = 1*29 inches, hence the working strength 

K 2 
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800 X (l-29)» 



of the teeth per inch of breadth will be 

664 lbs., and the breadth of the wheel must be determined 
accordingly. 

I will now point out the means of proportioning wheels 
of all descriptions in such a way as to avoid their breaking 
by the centrifugal energy of their rims. 

From the ordinary principles of mechanics it follows 
that any wheel may be driven at such a velocity that the 
centrifugal force will overcome the tensile resistance of 
the metal, in which case the wheel wiU fly to pieces. 

For cast-iron wheels, let n =■ number of revolutions per 
minute which must not be exceeded, or the limiting velo- 
city ; d =: diameter of wheel in feet ; /= factor of safety 
(= 10) ; then— 

8000 2530 



n =: 



d\/f d 



As well as the shearing strain mentioned above, there will 
be upon the shafting a twisting or torsional stress, and the 
diameter at the smallest part must be proportioned to carry 
safely such torsional strain as may be brought to bear 
upon it. 

Let H P be the maximum horse-power to be transmitted 
by the shaft ; N the number of revolutions per minute of 
the shaft ; and d the least diameter of the shaft in inches ; 
then, — 

__ 3 /320 xB. P 

-V N 



d 



It is frequently necessary to be able readily to stop or 
reverse the motion of a particular shaft, without interfering 
with the rest of the running machinery ; for this purpose 
a CLUTCH 18 used ; a very useful form of this detail is illus- 
trated in Fig, 113. A is a genexeA. ^e^ m ^\iiOcL "b \3a» ^<a 



CLUTCHES. 



197 



driving shaft, carrying at its end a bevelled spxib wheel 
d, wliicli gears into two other bevelled spur wheels c and e, 
placed on the driven shaft a a. The wheel d is firmly fixed 
and keyed on the shaft i, so that it must revolve with that 
shaft. The wheels c and e are so placed upon the shaft 
a a that -they can revolve upon it without turning it, not 
being keyed on, but only retained by collars which prevent 
these wheels from shifting longitttddnally upon the shaft. 




Fig. 113. 



If the wheel d revolves to the right, as shown by the 
arrow, then the wheels e and e will revolve in the direc- 
tions respectively shown by the arrows upon them — ^there- 
fore in contrary directions. Each of the wheels c and e is 
formed with projections g g upon the face, these projections 
being shown in front elevation at B. The shafts a a and h 
are carried in bearings qqq fitted in plummer blocks ///. 
Upon the shaft aai% fitted a clutch ♦ ♦, in such a manner 
that it revolves with the shaft, "but a^kXcoX/^ ^\ \k'sa^'^ tsssm^^v. 
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longitudinally upon it ; this longitudinal movement is im- 
parted by the forked lever nmlf shown broken off at n, in 
which direction it is prolonged, terminating in a handle ; 
at m is a pin or dead centre upon which the lever moves ; 
at I are projections taking into a groove k in the clutch, so 
that while the latter can revolve freely its longitudinal 
motion is controlled by the lever nml. This lever is shown 
in another view at C, the same letters being used, with the 
addition of p, showing where the lever joins the fork Ip I ; 
r a part of the framework to which the dead centre m is 
fixed, and o a kind of key called a feather, which being 
firmly fixed in the shaft a a^ causes it to revolve with the 
clutch «, although the groove in the latter is sufficiently 
easy upon the feather to allow of its sliding horizontally 
upon it. m is termed a ** dead " centre, because although 
it is a centre of motion, it does not itself revolve. The 
clutch ii is fitted with projections A A, corresponding to 
the spaces between the projections g g on the wheels c and 
e : if, therefore, when the wheels are revolving, this clutch 
is pressed towards one of them, it will gear with that one, 
and the shaft a a will revolve in the same direction as the 
wheel with which the clutch has geared, until the clutch is 
again restored to the position shown in the figure ; and so 
long as it remains in this position the shaft a a will be at 
rest, the wheels c and e revolving freely upon it. 

In cases where irregular or intermittent motions are re- 
quired, CAMS of various forms are frequently used ; one 
form has already been illustrated, used for actuating the 
expansion valves of certain kinds of marine engines. I 
will now describe a few more types of cams commonly 
used. 

Fig. 114 is a front elevation of a face cam, having in its 
face a groove ccCf the form of which is varied according 
to the kind of movement required, a is the end of the 
shaft carrying this cam, h the cam plate, and ee o, rod 
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capable of sliding vertically in the guides dd. At the 
lower end of the rod ^ ^ is a pin /, around which is a roller 
to reduce friction ; this roller resting in the groove ccc ZA 
the cam revolves, the rod ^ ^ is raised and lowered, both its 
inward and outward movements being controlled by the 
cam which has hold of the roller on the pin/. 
In Fig. 115, A is a front elevation and B a plan of a 



fl 





Y\%, 114. 



Fig. 116. 



CAM GROOVED ON ITS EDGE, a, a a IS the shaft carrying the 
cam h h ; the undulating groove c c, shown in elevation by 
the dotted circle, holds a roUer on the pin d attached to the 
end of a lever oscillating as the cam revolves upon the 
dead centre ^, fixed to the framing of the machine at/. 

Fig. 116 is a face cam, A being a front elevation and 
B a plan. In this arrangement the roller at the end d of 
a lever ^, carried upon a dead centre / attached to the 
framing at ^, is (by a spring or weight) held against the 
face of the cam b, carried on a shaft a, aa; as the cam 
revolves the roUer d will be forced forward by the raised 
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part Cf returning after that part has passed to its normal 
position ; the motion is in the direction of the arrow. 




Fig. 116. 

Assmning the back of the cam as a plane at right angles 
to the axis of revolution, the amoimt of *' travel" given 

to the roller will be if — t. 

Fig. 117 shows a 

form of EDGE - CAM, 

h d, carried on a 
shaft a; against its 
edge is pressed the 
roUer e, carried by 
the lever / rocking 
on a dead centre ff. 
As the raised part e 
of the cam passes the 
p. jjy roller e, the latter is 

lifted and returns as 
c passes from under it ; the roller e is placed behind the 
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bar /at a siifEicient distance for the latter to be cleared by 
the cam ; te is the travel of the roller. 

In Fig. 118 is shown an elevation of a kind of cam 
called from its form a snail. In this arrangement the 
lifting of the lever is gradual, but its fall, or return, in- 
stantaneous, a is the shaft, dch the periphery of the 
snail, e an arrow showing the direction of motion, / the 
roller, g the rocking lever, and h the dead centre upon 
which the lever oscillates. The travel of the roller ia db. 
The snail, however, instead of having an unbroken peri- 
phery from d through c to by may be made in a series of 
steps, as in the fami- 
liar case of the snail h. f 
of the striking train ^ 
of a clock, which re- 
gulates the number of 
strokes made by the 
hammer. It is evident 
that if this arrange- 
ment be turned the 
wrong way, some- 
thing must be da- 
maged or displaced, if 
it be moved far enough 

for the roller /to come in contact with the edge d b ; hence 
the danger of putting back the hands of a striking clock. 

it is obvious that the forms in which cams may be made 
are in number inlBLnite, and every possible gradation of 
movement may, by means of them, be obtained ; but having 
shown some of their generic forms, it would be superfluous 
to occupy further space in describing and illustrating these 
interesting elements of machinery. 

We must now consider the effects of machines, in vary- 
ing velocities and static pressures ; the pressures at the 
opposite ends of a machine will of course be in the inverse 




Fig. 118. 
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ratio of the velodtieB with, which those parts travel, but 
with a certain loss in the delivery of power arising from 
the friction of the various parts of the machine ; this, how- 
ever, for the present is neglected. I will take, for example, 
a crane which is required to lift 30 tons ; the average force 
that a man can exert, on a winch handle of 16 inches 
radius, is 30 lbs., hence the average dead pull of four men 
upon such a winch will be 120 lbs. ; now 30 tons is equal 

to 67200 lbs., and ~Tn?r = 560 ; hence the pressure applied 

by the men actuating the winch must be multiplied 560 
times, and this must be done by proportioning the gearing 
of the crane so that the load lifted moves 560 times slower 
than the winch handle to which the moving power is 
applied. 

The relative velocities will be as the radii of the wheels 
used in the winch gearing ; thus, if on the winch handle 
we have a pinion 8 inches in diameter, on the pitch circle 
we shall have a radius of 4 inches against 16 inches radius 
of winch handle, thus multiplying the pressure applied 
by 4 : let this pinion work with a wheel on the second 
shaft 30 inches in diameter, and upon the same shaft let 
there be a pinion 6 inches in diameter on the pitch circle ; 
this will multiply the pressure transmitted to the wheel 
by 5, and the pressure applied to the winch by 5 x 4 = 20. 
If the pinion on the second shaft gear with a wheel 
24 inches in diameter, carrying upon its shaft a pinion 
6 inches in diameter, gearing with a wheel 35 inches in 
diameter fixed upon a shaft, upon which is keyed a barrel 
5 inches in diameter, the necessary power will be found 
exclusive of friction. For friction we should allow in well- 
made cranes 10 per cent. 

There is another matter to be considered in connection 
with such machines, which is their foundations, which must 
have sufficient weight to prevent their being overturned. 



CHAPTEE XV. 

MATERIALS. 

In concluding tliis treatise I think it necessary to make a 
few remarks upon the materials used in the construction 
of steam-engines, boilers, and machinery ; for the use of 
defective material may lead to such appalling catastro- 
phes, that it is impossible to take too much precaution to 
prevent failure. One boiler explosion may cause the loss 
of many valuable lives, and inflict on many others that 
which is worse than loss of life, an incapacity to pursue 
those avocations which up to that time have brought them 
the means of supporting themselves and their families. 

For all the working parts of steam-engines, thoroughly 
sound ** scrap iron" should be used. The castings should 
be made of tough grey cast iron, showing when broken a 
granular fracture. The boilers should be of sound Staf- 
fordshire iron, or for flrst-class work of Bowling or 
Low Moor plates. I should not recommend steel in any 
case to be used for boilers ; the material itself requires 
such close watching both in its manufacture and in its work- 
ing, that unless the makers are prepared to provide a staff 
of competent engineers to watch each plate from the bloom 
to its riveting up in the boiler, it cannot be relied upon. 

Generally there is little fault to be found with the 
makers of engines and boilers, so much depends upon their 
own skill, and so thoroughly are they relied upon for the 
perfection of their work, that inspection becomes unneces- 
sary. 
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The young engineer may, however, and indeed in colonial 
practice often will, find himself in a position where he can- 
not command the services, or even the advice and assistance 
of experienced practical mechanical engineers, in which 
case it is obvious that he must fall back upon his own 
knowledge of materials. 

Although we say ** generally" that cast iron should 
be tough and exhibit when broken a granular dull grey 
fracture, this is not a sufficient test upon which to rely 
solely. The force required to break the metal must be 
considered, for there may be many bars apparently the 
same which will exhibit considerable diJfferences in resist- 
ance. 

Cast iron, up to a certain point, becomes better- at each 
re-melting, and mixtures of different kinds of iron will very 
commonly give better results than could be obtained by 
using separately any of the irons in a particular mix- 
ture. 

It would obviously be useless here to specify any par- 
ticular mixtures, as, under the circumstances we are con- 
sidering, the engineer must work with whatever irons may 
be obtainable in the district in which he happens to be 
located. Hence he must experiment until he finds a 
quality sufficiently strong for his purpose. 

Repeated blows and vibrations constantly tend to cause 
a crystalline disposition in metals ; therefore, in the first in- 
stance, it is desirable to obtain our materials as nearly 
fibrous as possible : though, of course, cast iron cannot be 
fibrous, yet a granular structure will insure a certain 
amount of flexibility which is essential to all parts of 
machines, in order that they may resist without fracture 
the concussions inevitable in their working. 

The cast iron should be tested in tension, and under 
transverse strain. Its compressive resistance may always 
be taken as not less than five times its tensile resistance. 
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Cast iron should not be used of a less strength in ten- 
sion than 8 tons per sectional square inch, and this 
may be taken as a good quality, although cast irons ha/ce 
been produced more than half as strong again (for pur- 
poses of gunnery), but at an outlay which would not be 
justified for work of the class with which we are now 
dealing. 

The test-bars for tensile strength should at one part have 
the sand-skin cut away, and be there trued to fixed 
dimensions, and at that (smallest) section the bar if uniform 
will break. The bars for transverse testing (from which 
the sand-skin should be thoroughly rubbed) should be 
3 feet 6 inches long, 1 inch wide, and 2 inches deep, and 
be placed on edge on supports 3 feet apart ; such a bar 
when loaded in the centre should not break with less than 
30 cwt., and it should deflect regularly for each increment 
of load up to breaking point, and not snap suddenly. 

In respect to wrought-iron, the colonial engineer will 
not have to do with mixing irons nor except in very ex- 
ceptional cases in making scrap-iron up, but will work 
direct the iron supplied from civilized centres. 

First-class boiler-plates will carry 30 tons per sectional 
square inch before breaking, and the best StaJffordshire 
girder-iron will carry 25 tons in tension, and 16 in com- 
pression. The north country iron does not show such 
good results, 22 tons tension being considered a very 
high figure ; and although 21 tons is often specified, we 
doubt if it is often got, and frequently it is down to 19 or 
even 18 tons per sectional square inch. 

Wrought iron when broken should show a well-defined 
** thready" structure, the fibres stretching well before 
breaking, and any iron of which the test-bars show the 
slightest signs of bright or crystalline structure is to be 
immediately rejected for any kind of machine or boiler 
work. 
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In transverse strain, for equal qualities of raw materials, 
solid wrought-iron bars should bear haK as much again as 
cast iron of the same dimensions. 

As in the earlier part of this work we have shown kow 
to manufacture the material used by the mechanical 
engineer, so in conclusion are given the tests they should 
bear when manufactured. 
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Graly-Cazalat'fl process, 14 
Grinding and polishing, 59 
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Hydrostatic press, 22, 74 
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„ tools, 48 
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TTOETING'S injector, 175 
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Levers, 72 
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Lift-pump, 157 
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Machine tools, 49 
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Power of steam-engines, 85 
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Rolling-mills, 21 
Railway axles, 23 
Ratchet braces, 44 
Rotatory motion, 81 
Rocking-post, 96 
Rotary-engine, 156 

SMELTING, 1 
Steel, 2 
Steam-hammer, 20 
Screw plates, 45 

„ dies, 45 
Surfacing, 57 
Steam-tight joints, 61 
Steam ports. 111 
Stuffing-boxes, 113 
Surface condensers, 147 
Staffordshire boUer, 169 
Straps and riggers, 180 
Shaft bearings, 190 
Spur wheels, 191, 194 
Snails, 201 
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Tempering, 41 
Turning tools, 47 
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193 

WHEELS, fly, 145 
, , limiting velocity of, 1 96 



l*JUJrTBO BY VIKTCS A.SD CO., "LIUVVTA), CTt'l UOK\>, -UO^WW,. 



London, December, i88a 

% (Jdd00M;e 0f §00lis 

jncj:^udi:tg many new and standard works in 

5N6INEERIN0, ARCHITECTURE, AGRICULTURE, 

MATHEMATICS, MECHANICS, SCIENCE, ETC. 

PUBUSHBD BY 

CROSBY LOGKWOOD & CO., 

7, STATIONERS'-HALL COURT. LUDGATE HILL, E.C. 



ENGINEERING, SURVEYING, ETC. 

- ♦ 

Humberts New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, A-M. Inst 
C.E., and M. Inst. M.E. Illustrated iivith 50 Double Plates, 
I Single Plate, Coloured Frontispiece, and upwards of 250 Wood- 
cuts, and containing 400 pages of Text, Imp. 4to, 6/. ^s, elegantly 
and substantially half-bound in morocco. 

List of Contents : — 



I. Historical Sketch of some of the 
means that have been adopted for the 
Supply of Water to Cities and Towns. — 
II. Waterand the Foreign Matter usually 
associated with it. — III. Rainfall and 
Evaporation. — IV. Springs and the watei^ 
bearing formations of various districts.— 
V. Measurement and Estimation of the 
Flow of Water.— VI. On the Selection of 
the Source of Supply.— VII. Wells.— 
VIII Reservoirs.— IX. The Purification 
of Water. — ^X. Pumps. — XI. Pumping 



Machincry.-XII. Conduits.— XIII. Dis- 
tribution of Water. — XIV. Meters, Ser- 
vice Pipes, and House Fittings.— XV. The 
Law and Economy of Water Works.— 
XVI. Constant and Intermittent Supply. 
— XVII. Description of Plates.— A|qpeu- 
dices, ^ving Tables of Rates of Supply, 
Velocities, &c. &c., together with Specifi- 
cations of several Works illustrated, among 
which will b« found : — Aberdeen, Bideford. 
Canterbury, Dundee, Halifax, Lambeth, 
Rotherham, Dublin, and others. 



" The most systematic and valuable work upon water supply hitherto produced in 
English, or in any other language .... Mr. Humber's work is characterised almost 
throughout by an exhaustiveness much more distinctive of French and Ger^ian than 
of English technical treatises."— .£'ii^/;//^r. 

Humbef^s Great Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, induding 
Iron Foundations. In Three ]^arts— Theoretical, Practical, and 
Descriptive. By William Humber, A-M. Inst. C.E., and M.Inst 
M.E. Third Edition, with 115 Double Plates. In 2 vols. imp. 4to, 
6/. i6j. dd, half-bound in morocco. 

" A book— and particularly a large and co&\\y txeatXA&e \^t Vlx. '^'^'^^^'^ V^''^^^^^ 
has reached its third edition may cerUinVv ^« »^^ ^ "^"^^ «»aMttS>»fc^xN» «wx 
r^uUtioa,"—£njgineerin^, ^ 
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Humbers Modern Engineering. 

A RECORD of the PROGRESS of MODERN ENGINEER. 
ING. First Series. Comprising Civil, Mechanical, Marine, Hy- 
draullc. Railway, Bridge, and other Engineering Works, &c. By 
William Humber, A-M. Inst C.E., &c. Imp. 4to, wiUi 
36 Double Plates, drawn to a lai^e scale, and Portrait of John 
Hawkshaw C.E., F.R.S., &c., and descriptive Letter-press, Speci- 
fications, &c. 3/. 3 J. half morocco. 

List of the Plates and Diagrains. 



Victoria Station and Roof, L. B. & S. 
C. R. ^8 plates) ; Sotithport Pier (2 plates); 
Victoria Station and Roof, L. C. & D. and 
.G. W. R. (6 plates) ; Roof of Cremome 
Music Hall ; Bridge over G. N. Railway ; 
Roof of Station, Dutch Rhenish. Rail (2 



plates) ; Bridge over the Thames, West 
London Extension Railway (5 plates) ; Ar- 
mour Plates : Suspension Bridge, Thames 
(4 plates) : The Allen Engine ; Suspension 
Bridge, Avon (3 plates); Underground 
Railway (3 plates). 



" Handsomely lithographed and printed. It will find favour with many who desire 
to preserve in a permanent form copies of the plans and specifications prepared for the 
euidance of the contractors for many important engineering works." — Engineer, 

HUMBER'S RECORD OF MODERN ENGINEERING. Second 
Series. Imp. 4to, with 36 Double Plates, Portrait of Robert Ste- 
phenson, C.E., &c, and descriptive Letterpress, Specifications, 

&c. 3/. 3J. half morocco. 

List of the Plates and Diagrams, 



Birkenhead Docks, Low Water Basin 
(15 plates); Charing Cross Station Roof, 
C. C. Railway (3 plates) ; Digswell Via- 
duct, G. N. Railway ; Robbery Wood 
Viaduct, G. N. Railway ; Iron Permanent 



Viaduct. Merthjn:, Tredegar, and Aberga- 
venny Railway ; College Wood Viaduct, 
Cornwall Railway ; Dublin Winter Palace 
Roof (3 plates) ; Bridge over the Thames, 
L. C. and D. Railway (6 plates) ; Albert 
Harbour, Greenock (4 plates). 



Way ; Clydach Viaduct, Merthyr, Tre- 
degar, and Abergavenny Railway ; Ebbw 

HUMBER'S RECORD OF MODERN ENGINEERING. Third 
Series. Imp. 4to, with 40 Double Plates, Portrait of J. R. M 'Clean, 
Esq., late Pres. Inst. C. E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3x. half morocco. 

List of the Plates and Diagrams. 



Main Drainage, Metropolis.— 
North Side. — Map showing Interception 
of Sewers ; Middle Level Sewer (2 plates^ ; 
Outfall Sewer, Bridge over River Lea (3 
plates); Outfall Sewer, Bridge over Marsh 
Lane, North Woolwich Railway, and Bow 
and Barking Railway Junction ; Outfall 
Sewer, Bridge over Bow and Barking 
Railway (3 plates); Outfall Sewer, Bridge 
over East London Waterworks' Feeder 
(2 plates); Outfall Sewer, Re.servoir (2 
plates); Outfall Sewer, Tumbling Bay 
.and Outlet ; Outfall Sewer, Penstocks. 
South Side. — Outfall Sewer, Bermondsey 



Branch (2 plates) ; Outfall Sewer, Reser- 
voir and Outlet (4 plates) ; Outfall Sewer, 
Filth Hoist; Sections of Sewers (North 
and South Sides). 

Thames Embankment. — Section of 
River Wall ; Steamboat Pier, Westminster 
(2 plates) ; Landing Stairs between Cha- 
ring Cross and Waterloo Bridges ; York 
Gate (3 plates) ; Overflow and Outlet at 
Savoy Street Sewer (3 plates) ; Steamboat 
Pier, Waterloo Bridge (3 plates); Junc- 
tion of Sewers, Plans and Sections ; Gullies, 
Plans and Sections ; Rolling Stock ; Gra- 
nite and Iron Forts. 



HUMBER'S RECORD OF MODERN ENGINEERING. Fourth 
Series. Imp. 4to, with 36 Double Plates, Portrait of John Fowler, 
Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3J. half morocco. 

List of the Plates and Diagrams. 



Abbey Mills Pumping Station, Main 
•Drainage, Metropolis (4 plates) ; Barrow 
Docks (5 plates) ; Manquis Viaduct, San- 
tiago and Valparaiso Railway (2 plates) ; 
Adam's Locomotive, St. Helen's Canal 
Railway (2 plates) ; Cannon Street Station 
•Roof, Channg Cross Railway (3 plates); 
Road Bridge over the River Moka (2 i 
plates-) ;..Tclegrsiphic Apparatus for Meso- \ 



potamia ; Viaduct over the River Wye, 
Midland Railway (3 plates); St. German's 
Viaduct, Cornwall Railway (2 plates) ; 
Wrought- Iron Cylinder for DivineBell ; 
Mill wall Docks (6 plates) ; Milroy's Patent 
Excavator, Metropolitan District Railway 
(6 plates) ; Harbours, Ports, and Break- 
waters (3 plates). 
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Strains yFormulcB & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulgeand Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
HUMBER, AM. Inst. C.E., &c. Third Edition. With nearly 
100 Woodcuts and 3 Plates, Crown 8vo, 7j. dd, cloth. 
'*The arrangement of the matter in this little volume is as convenient as it well 
could be. • • ,. • The system of^ employing diagrams as a substitute for complex 
computations is one justly coming into great favour, and in that respect Mr. Htunber's 
voliune is fully up to the times." — Engineering. 
"The formuke are neatly expressed, and the diagrams %fio\,^—Athenaum» 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK j 

with Practical Remarks on Iron Construction. By F. W. Sheilds, 

M. Inst. C.E. Second Edition, with 5 Plates. Royal 8vo, 5 J. cloth. 

" The student cannot find a better little book on this subject than that written by 

Mr. Sheilds." — Engineer. 

Barlow on the Strength of Materials^ enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By Peter Barlow, F.R.S. A New Edition, 
revised by Ijis Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S. The whole arranged and edited by W. Humber, A-M. 
Inst. C.E. 8vo, 400 pp., with 19 large Plates, i8j. cloth. 

"The best book on the subject which has yet appeared. .... We know of 
no work that so completely fulfils its mission." — English Mechanic^ 

" The standard treatise upon this particular subject." — Engineer, 

Strength of Cast Iron^ &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By Thomas Tredgold, C.E. Fifth 
Edition. To which are added, Experimental Researches on the 
Strength and other Properties of Cast Iron, by E. Hodgkinson, 
F.R.S. With 9 Engravings and numerous Woodcuts. 8vo, I2J. 
cloth. *,„* Hodgkinson's Researches, separate, price 6j. 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formulae, Tables, and General 
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By John Neville, 
Civil Engineer, M.R.I.A. Third Edition, carefully revised, with 
considerable Additions. Numerous Illustrations. Cr. 8vo, 14;. cloth. 

" Undoubtedly an exceedingly useful and elaborate compilation." — Iron. 

" Aiike valuable to students and engineers in practice." — Mining Joumal. 

River Engineering. 

RIVER BARS : Notes on the Causes of their Formation, and on 
their Treatment by Induced Tidal Scour, with a Description of the 
Successful Reduction by this Method of the Bar at Dublin. By 
I. J. Mann, Assistant Engineer to the Dublin Port and Docks 
Board. With Illustrations. Demy 8vo. \ln iKe tvt^^* 
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Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Esgineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst. C.E. Sixth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Traut wine's Field Practice of liying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
%s, 6d» cloth. %* Trautwine on Curves, separate, 5/. 

*• The text-book on levelling in most of our engineering schools and colleges.'*— 
Engineer. 

Practical Tunnelling, 

PRACTICAL TUNNELLING: Explaining in detail the Setting 
out of the W^orks, Shaft-sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub-Excavating, Timbering, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. By F. W. SiMMS, M. Inst. C.E. Third Edition, Revised 
and Extended. By D. Kinnear Clark, M.L C.E. Imp. 8vo, 
with 21 Folding Plates and numerous Wood Engravings, 30 j. cloth. 
" It has been regarded from the first as a text-book of the subject. . . . Mr. Clark 
has added immensely to the value of the book." — Engitieer. 

Steam, 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able. Being an Extension of Sewell's Treatise on Steam. By D. 
Kinnear Clark, M.I.C.E. Second Edition. i2mo, 41. cloth. 

Civil and Hydraulic Engineering, 

CIVIL ENGINEERING (THE RUDIMENTS OF). By 
Henry Law, M. Inst. C.E. Including a Treatise on Hydraulic 
Engineering, by George R. Burnell, M.I.C.E. Sixth Edition, 
Revised, with large additions on Recent Practice in Civil Engineer- 
ing, by D. Kinnear Clark, M. Inst. C.E. \In tfie press. 

GaS'L ighting, 

COMMON SENSE FOR GAS-USERS : a Catechism of Gas- 
Lighting for Householders, Gasfitters, Millowners, Architects, 
Engineers, &c. By R. Wilson, C.E. 2nd Edition. Cr. 8vo, 2s, 6d, 

Bridge Construction in Masonry y Timber ^ & Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
with 6 pages of Diagrams. Imp. 4to, 2/. 12s, 6d, half- morocco. 
"A work of the present nature by a man of Mr. HaskolI*s experience, must prove 
invaluable. The tables of estimates considerably enhance its value." — En^^fuering, 

Earthwork. 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet By Joseph Broadbent, C, E., and Francis 
Campjn, C.E. Cr, 8yo, ob\oi\g, Ss. doV\v. 
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Tramways and their Working. 

TRAMWAYS: their CONSTRUCTION and WORKING. 
Containing a Comprehensive History of the System ; an exhaus- 
tive Analysis of the Various Modes of Traction, including Horse 
Power, Steam, Heated Water, and Compressed Air ; a Description 
of the varieties of Rolling Stock ; and ample Details of Cost and 
Working Expenses, with Special Reference to the Tramways of the 
United Kingdom. By D. Kinnear Clark, M. I. C. E., Author 
of * Railway Machinery,' &c., in one vol. 8vo, with numerous Illus- 
trations and thirteen folding Plates, i8j. cloth. 

" All interested in tramways must refer to it, as all railway engineers have turned 
to the author's work ' Railway Machinery.' *' — The Engineer, 

*' Mr. Clark's book is indispensable for the students of the subject."— 7!*^ Builder. 

Pioneer Engineering. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dobson, A.I.C.E. With Plates and 
Wood Engravings. Revised Edition. i2mo, 5j. cloth. 
" A workmanlike production, and one without possession of which no man should 
start to encounter the duties of a pioneer engineer. — Atheiueunt. 

** There is much in the book to render it very useful to an engineer proceeding to 
the colonies." — Engineer. 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 

GOODEVE, M.A., Barrister-at-Law, Author of **The Principles 

of Mechanics,'* **The Elements of Mechanism," &c. Third 

Edition. With numerous Illustrations. Crown 8vo, 6j. cloth. 

" Professor Goodeve has given us a treatise on the steam engine, which will bear 

comparison with anything written by Huxley or Maxwell, and we can award it no 

higher praise." — Engineer. 

*' Mr. Goodeve's text-book is a work of which every young engineer should pos- 
sess himself."— iJfwwiw^ Journal, 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. 4th Edition. Sewed, 6^. 
** If steam-users would but learn this little book by heart, boiler explosions would 
become sensations by their rarity." — English Mechanic, 

Works of Construction. 

MATERIALS AND CONSTRUCTION t a Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of 
Works of Construction. By Francis Campin, C.E., Author of 
** A Practical Treatise on Mechanical Engineering ; ** ** The Prin- 
ciples and Construction of Machinery," &c. With Numerous 
Illustrations. i2mo, 3J. dd. cloth boards. \yust published. 

Iron Bridges^ Girders^ RoofSy &c. 

A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDERS, 
ROOFS, AND OTHER WORKS. By FranOis Campin, C*E. 
Second Edition, Revised and Corrected. i2mo, 3j. cloth. 

Construction of Iron BearnSy Pillarsy &c. 

IRON AND HEAT ; exhibiting the Principles concerned in tK-i 
construction of Iron Beams, Pillars, and Btvi^^ Q^x.§vsk»^ -ssv^ *^5a« 
Action of Heat in the Smelting Yuxn^c^, 1^^ "^ . Ns.^'^^^ ^^* "^ 
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Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. srdEd. Imp. 8vo, &r. cloth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large Plates. By the late Geo. Watson 
Buck, M. I. C. E. Third Edition, revised by his Son, J. H. Watson 
Buck, M.I.C.E. ; and with the addition of Description to Dia- 
grams for Facilitatirg the Construction of Oblique Bridges, by 
W. H. Barlow, M. I. C. E. Royal 8vo, 1 2j. doth. [Just published. 
" The standard text book for all engineers regarding skew arches is Mr. Buck's 
treatise and it would be impossible to consult a better." — Engineer, 

Gas and Gasworks. 

THE CONSTRUCTION OF GASWORKS AND THE 
MANUFACTURE AND DISTRIBUTION OF COAL-GaS. 

Originally written by Samuel Hughes, C.E. Sixth Edition. 
Re-written and much Enlarged, by William Richards, C.E. 
With 72 Woodcuts. i2mo, 5^^. cloth boards. \jfust published. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geological Formations of Eng- 
land as influencing Supplies of Water. By S. Hughes. 4J. dd. cloth. 

Locomotive- Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 
Engineers in charge of Locomotive Engines. By Michael 
Reynolds, M.S.E., formerly Locomotive Inspector L. B. and 
S. C. R. Fourth Edition, greatly enlarged. Comprising A 
KEY TO THE LOCOMOTIVE ENGINE. With Illustra- 
tions and Portrait of Author. Crown 8vo, 4?. dd. cloth. 
*' Mr. Reynolds deserves the title of the engine driver's friend." — Railway Nevus. 
'* Mr. Reynolds has supplied a want, and has supplied it well. We can confidently 

recommend the book not only to the practical driver, but to every one who ts^es an 

interest in the performance of locomotive engines." — Engineer. 

■ T/ie Engineer y Fireman^ and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY : comprising a Historical Notice of the 
Pioneer Locomotive Engines and their Inventors, with a project 
for the establishment of Certificates of Qualification in the Running 
Service of Railways. By Michael Reynolds, Author of 
** Locomotive- Engine Driving." Crown 8vo, 4f. dd, cloth. 
" From the technical knowledge of the author it will appeal to the railway man of 
to-day more forcibly than anything written by Dr. Smiles." — English Mechanic. 

Stationary Engine D^^iving. 

STATIONARY ENGINE DRIVING. A Practical Manual fo 
Engineers in Charge of Stationary Engines. By Michael Rey- 
nolds (**The Engine-Drivers P'riend"), Author of "Locomo- 
tive Engine Driving," &c. With Plates and Woodcuts, and Steel 
Portraitof James Watt. Crown 8vo, 4^. 6d, cloth. \Just published. 

Engine- Driving Life. 

JEiSTGINE-DRIVING LIFE ; or Stirring Adventures and Inci- 

dents in the Lives of LocomolVve TLrvgLn^-DivN^x^. "B-^ Michael 

ItEywoLDS. Crown 8vo, 25. dolVi, \!Just H>^«>wd* 
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Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire- Proof Buildings, and the Preservation of 
Life from Fire ; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c. 
By Charles F. T. Young, C. E. With numerous Illustrations, 
handsomely printed, 544 pp., demy 8vo, i/. 4r. cloth. 
'* We can most heartily commend this book." — Engineering. 

"Mr. Young's book on ' Fire Engines and Fire Brigades' contains a mass of 
information, which has been collected from a variety of sources. The subject is so 
intensely interesting and useful that it demands consideration."— ^wj'ZcftV/jfiV^wf. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems m Geodesy 
and Practical Astronomy. Ey Lieut. -Gen. Frome, R.E., late In- 
spector-General of Fortifications. Fourth Edition, Enlarged, and 
partly Re-written. By Captain Charles Warren, R.E. With 
19 Plates and 115 Woodcuts, royal 8vo, i6j. cloth. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Second Edition. Printed on 48 Cards, 
and sold in a cloth box, waistcoat-pocket size, 3J. 6d, 
" Each table is printed on a small card, which, being placed on the theodolite, leaves 

the hands free to manipulate the instrument — no small advantage as regards the rapidity 

of work," — Engineer. 

*' Very handy ; a man may know that all his day's work must fall on two of these 

cards, which he puts into his own card-case, and leaves the rest behind." — 

A thenaum. 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Survejring and Leyelling. Second Edition, revised, with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E. 
Numerous folding Plates. In One Volume, demy 8vo, i/. 5^., 
cloth boards. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
A Practical and Theoretical Essay. By J. H. Watson Buck, 
M. Inst. C.E., Resident Engineer, London and North- Western 
Railway. Illustrated with Folding Plates. Royal 8vo, \2s, 

cloth. \_Just published, 

" Many of the methods given are of extreme practical value to tke mason, and the 
observations on the form of arch, the rules for ordering the stone, and the construc- 
tion of the templates, will be found of considerable use. We commend the book to 
the engineering profession, and to all who have to build similar shafts." — Bnilding 
News. 

" Will be regarded by civil engineers as of the utmost value, and calculated t<^ tjaM«ei. 
much time and obviate many mistakes."— C<?///(fO' G«ar ciiaii. 
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Stirvey Practice. 

AID TO SURVEY PRACTICE : for Reference in Surveying, 
Levelling, Setting-out and in Route Surveys of Travellers by Land 
and Sea. With Tables, Illustrations, and Records. By Lowis 
D'A. Jackson, A-M.I.C.E. Author of "Hydraulic Manual and 
Statistics," ** Canal and Culvert Tables," &c. Large crown, 8vo, 

1 2 J. 6^., cloth. ^ust published. 

" Mr. Jackson has produced a valuable vade-mecum for the surveyor. We can 
recommend this book as containing an admirable supplement to the teaching of the 
accomplished surveyor." — Athenetum. 

" A general text book was wanted, and we are able to speak with confidence of 
Mr. Jackson's treatise. . . . We camiot recommend to the student who knows 
something of the mathematical principles of the subject a better course than to fortify 
his practice in the field under a competent surveyor with a study of Mr. Jackson s 
useful manual. The field records illustrate every kind of survey, and will be found 
an essential aid to the student.*'— ^w/ofiw^ News. 

"The author brings to his work a fortunate union of theory and practical expe- 
rience which, aided by a clear and lucid style of writing, renders the bpok both a very 
useful one and very agreeable to read." — Builder. 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising : — i. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. By Chas. Slagg, Assoc Inst. C. E. Crown 8vo, jj. cloth, 
"A very useful book, and may be safely recommended. The author has had 
practical experience in the works of which he treats." — Builder. 

Locomotives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com- 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Dempsey, C.E. With large additions treat- 
ing of the Modern Locomotive, by D. Kinnear Clark, C.E., 
M.I.C.E., Author of "Tramways, their Construction and Working," 
&c., &c With numerous Illustrations. i2mo. 3^. 6d. cloth boards. 
" The student cannot fail to profit largely by adopting this as his preliminary text- 
book." — Iron and Coal Trades Review. 

** Seems a model of what an elementary technical book should be." — Acadenty, 

Fuels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of "A Treatise on the Combustion of Coal and the Prevention 
of Smoke." By C. W. Williams, A. I. C.E. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel— Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. Kin- 
near Clark, C.E., M.I.C.E. Second Edition, revised. With 
numerous Illustrations. i2mo. 4J. cloth boards. [Just published. 
** Students should buy the book and read it, as one of the most complete and satis- 
factory treatises on the combustion and economy of fuel to be had." — Eniineer. 

Roads and Streets. 

THE CONSTRUCTION OF ROADS AND STREETS. In 

Two Parts. I. The Art of Constructing Common Roads. By 

Henry Law, C.E. Revised and Condensed by D. Kinnear 

Clark, C.E.~II. Recent Practice in the Construction of Roads 

and Streets : including Pavements of Stone, Wood, and Asphalte. 

By D. Kinnear Clark, C.E., M.I.C.E. Second Edition, 

revised. l2mo, 5^' cloth. 

"A hook which every borough surveyor axiA tngiti^tt m>a&t possess, and whicb will 

2>e ofconsiderable service to arcVdtccts,bwidtts,wA^To^tVi wratK&v!B«»%.*-- 
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Sewing Machine {The). 

SEWING MACHINERY ; being a Practical Manual of the 
Sewing Machine, comprising its History and Details of its Con- 
struction, with full Technical Directions for the Adjusting of Sew- 
ing Machines. By J. W. Urquhart, Author of ** Electro 
Plating: a Practical Manual;" "Electric Light: its Production 
and Use." With Numerous Illustrations. i2mo, 7s, 6d. cloth 
boards. [Just published, 

Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the TheodoUte, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
manner; Setting out Curves with the Theodolite by Tangential 
Angles and Multiples with Right and Left-hand Readings of the 
Instrument ; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous woodcuts. 4th Edition, enlarged. Cr. 8vo. 12s, cloth. 
*' The book is very handy, and the author might have added that the separate tables 

of sines and tangents to every minute will make it useful for many other purposes, the 

genuine traverse tables existmg all the same." — Athemeum, 

"Cannot fail, from its portability and utility, to be extensively patronised by the 

engineering profession." — Mining youmal. 

Earthwork^ Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. T. S. Graham, 
C.K, Resident Engineer, Forest of Dean Central Rsdlway. With 
numerous Diagrams. i8mo, 2j. dd, cloth. 



** As a really handv book for reference, we know of no work equal to it ; and the 
ngineers and < " 
work will hnd a great amount of practical information very admirably arranged, and 



railway engineers and others employed in ^e meastirement and calculation of earth- 



available for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's offices." — Artizan, 

Drawing for Engineers y &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A., 
South Kensington. Fourth Edition, carefully revised. With upwards 
of 300 Plates and Diagrams. l2mo, cloth, strongly bound, \s. 
" A copy of it should be kept for reference in every drawing office." — Engineering, 
*' Indispensable for teachers of engineering draynng."— Mechanics* Mag-asine, 

Wealds Dictionary of Terms. 

A DICTIONARY of TERMS used m ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, 
ARCHAEOLOGY, the FINE ARTS, &c. By John Weale. 
Fifth Edition, revised by Robert Hunt, F.R.S., Keeper of Mining 

Records, Editor of " Ure's Dictionary of Arts." i2mo, 6f. cL bds. 

" The best small technological dictionary in the language." — Architect. 

" The absolute accuracy of a work of tms character can only be judged of after 
extensive consultation, and from our examination it appears very correct and very 
complete.** — Mining Journal, 
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MINING, METALLURGY, ETC. 

♦ 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 

MINING. By D.C. Davies, F.G.S., author of " A Treatise on 

Slate and Slate Quarrying." With numerous wood engravings. 

Second Edition, revised. Cr. 8vo. \2s. 6d. cloth. [Just published, 

" Without question, the most exhaustive and the most practically useful work we 

have seen ; the amount of information given is enormous, and it is given concisely 

and intelligibly."— i1/*«i«^ Journal. 

" The volume is one which no student of mineralogy should be without"— C^//f>r>' 
Guardian. 

" The author has gathered together from all available sources avast amount of 
really useful information. As a history of the present state of mining throughout 
the world this book has a real value, and it supplies an actual want, for no such infor- 
mation has hitherto been brought together within such limited space." — Athenaufn. 

Slate and Slate Quarrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S., 
Mining Engineer, &c. With numerous Dlustrations and Folding 
Plates. Second Edition, carefully revised. i2mo, 3^. 6</. cloth boards. 
" Mr. Davies ha.s written a useful and practical hand-book on an important industry, 
with all the conditions and details of which he appears familiar." — Engineering. 

"The work is illustrated by actual practice, and is unusually thorough and lucid. 
. . . Mr. Davies has completed his work with industry and skill." — Builder, 

Metallurgy of Iron, 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S., Associate of the 
Royal School of Mines. With numerous Illustrations. Fourth 
Edition, revised and much enlarged. i2mo, cloth boards, ^s, 
" Has the merit of brevity and conciseness, as to less important c>oints, while all 
material matters are very fully and thoroughly entered into.' —Standard, 

Manual of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at tlie Bristol School of Mines. Volume of Text 
i2mo, 3^. With an Atlas of Plates, containing 235 Illustrations. 
4to, dr. Together, 9J. cloth boards. 
" Students in the Science of Mining, and Overmen, Captains, Managers^ and 

Viewers may gain practical knowledge and useful hmts by the study oi Mr. 

Morgans' Manual." — Colliery Guardian. 

Minings Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUERVS COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Principles 
of Lajring out and Valuing Home and Foreign Iron and Coal 
Mineral Properties. By William Lintern, Mining and Civil 
Engineer. With four Plates of Diagrams, Plans, &c., i2mo, 41. cloth. 
" Contains much valuable information given in a small compass, and which, as far 
as we have tested it, is thoroughly trustworthy."— /nw* and Coal Trades Review, 

\* The above, bound with Thoman's Tables. (See page 20,) 
Price 7s, 6</, cloth. 
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Coal and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise on. By 

Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector 

of the Mines of the Crown. Fifth edition, revised and corrected. 

i2mo, with numerous lUustations, 41'. cloth boards. 

"Every portion of the volume appears to have been prepared with much care, and 

as an outline is given of every known coal-field in this and other countries, as well as 

of the two principal methods of working, the book will doubtless interest a very 

large number of readers." — Mining youmal. 

Underground Pmnping Machinery. 

MINE DRAINAGE ; being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with 
a Description of a large number of the best known Engines, their 
General Utility and the Special Sphere of their Action, the Mode 
of their Application, and their merits compared with other forms 
of Pumping Machinery. By Stephen Michell, Joint- Author of 
** The Cornish System of Mine Drainage." 8vo. {Nearly ready. 



NAVAL ARCHITECTURE, NAVIGATION, ETC. 

— ♦ 

Pocket Book for Naval Architects& Shipbuilders, 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET BOOK OF FORMULAE, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, Naval 
Draughtsman, Associate of the Institution of Naval Architects. 
With numerous Diagrams, &c Fcap., strongly bound in leather, 
with elastic strap for pocket, \2s, 6d, 
*' Should be used by all who are engaged in the construction or design of vessels." 
— Engineer. 

" There is scarcely a subject on which a naval architect or shipbuilder can require 
to refresh his memory which will not be found within the covers of Mr. Mackrow's 
book." — Eyiglish Mechanic. 

" Mr. Mackrow has compressed an extraordinary amount of information into this 
useful volume." — Athentewn. 

Grantham s Iron Ship-Building. 

ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, also considerably enlarged, i2mo, cloth limp. 
By John Grantham, M. Inst. C.E., &c 2/. 2^. complete. 

*' Mr. Grantham's work is of great interest. It will, we are confident, command an 
extensive circulation among shipbuilders in general. By order of the Board of Admi- 
ralty, the work will form the text-book on which the examination in iron ship-building 
of candidates for promotion in the dockyards will be mainly based." — Engimering, 

Pocket-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULAE FOR MARINE ENGINEERS. By Frank Proctor, 
A. I.N. A. Second Edition, revised and enlai^ed. Royal 32mo, 
leather, gilt edges, with strap, 4J. 

"A most useful companion to all marine engineers." — United Service Gazette. 

*' Scarcely anything required by a naval enginter appears to have b««Q^ Cm^^ 
gottCB." — Iron. 
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Light-Houses, 

EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report of 
a Tour of Inspection made in 1873. By Major Georgb H. 
Elliot, Corps of Engineers, U.S.A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text. 8vo, 2IJ. cluth. 

Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, in Reference to the 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
Towns' Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C. E. 
With 14 folding Plates, and numerous Woodcuts. 8vo, I2J. 6^/. doth. 

"A most useful and well arranged book for the aid of a student" — Builder. 

" Of the utmost practical utility, and may be safely recommended to all students 
who aspire to become clean and expert surveyors." — Mining Journal, 

Storms. 

STORMS : their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. Crown 8vo, lar. dd, cloth boards* 

Rudimentary Navigation. 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By James Greenwood, B. A. New and enlarged edition. 
By W. H. RossER. i2mo, 3^. cloth boards. 

Mathematical and Nautical Tables. 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms. ;^y Henry Law, C. E. Together with a Series of 
Tables for Navigation and Nautical Astronomy. By J. R. 
Young, formerly Professor of Mathematics in Belfast College. 
New Edition. i2mo, 4J. cloth boards. 

Navigation {Practical) j with Tables, 

PRACTICAL NAVIGATION : consisting of the Sailor's Sea- 
Book, by James Greenwood and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
J. R. Young. Illustrated with numerous Wood Engravings and 
Coloured Plates. i2mo, *]s, strongly half bound in leather. 



WEALE'S RUDIMENTARY SERIES. 

The following books in Naval Arch'lcclure, etc. , are published in the 

above series, 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 

Robert Kipping, N. A. Fourteenth Edition. i2mo, 2j. 6d, cloth. 
SAILS AND SAIL-MAKING. Tenth Edition, enlarged. By Robert 

Kipping, N.A. Illustrated. i2mo, sj. cloth boards. 
NAVAL ARCHITECTURE. By James Peake. Fourth Edition, 

with Plates and Diagrams. l2mo, 4J. cloth boards. 
J^ARINE ENGINES, AND STEAM VESSELS. By Robert 

MvKRAYf C.E. Seventh Edition. i2mo, 3^. td, cloth boards. 
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ARCHITECTURE, BUILDING, ETC. 
Construction. — •^^ 

THE SCIENCE of BUILDING : An Elementary Treatise on 

the Principles of Construction. Bjr E. Wyndham Tarn, M.A., 

Architect. With 47 Wood Engravings. Demy 8vo. &r. ddf*. cloth. 

" A very valuable book, which we strongly recommend to all students." — BuUeUr, 

" No architectural student should be wiUiout this hand-book." — Archiiect, 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. Wickes, Architect, 
Author of " The Spires and Towers of the Mediaeval Churches of Eng- 
land," d'c. 31 Plates, 4to, half morocco, gilt edges, i/. is, 
*»* Also an Enlarged edition of the above. 61 Plates, with Detailed 

Specifications, Estimates, &c. 2/. 2j. half morocco. 
" The whole of the desi^s bear evidence of their beine the work of an artistic 
architect, and they will prove very valuable and suggestive. — Building Newt* 

Useful Text' Book for Architects. 

THE ARCHITECT'S GUIDE : Being a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &c., &c. By Frederick Rogers, Architect, 
Author of * 'Specifications for Practical Architecture," &c. With 
numerous Illustrations. Crown 8vo, 6s, cloth. 
"As a text-book of useful information for architects, engineers, surveyons, ftc,, i( 
would be hard to find a handier or more complete little \<A\xxf\&** -'Standard- 

Taylor and Cresys Rome. 

THE AllCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S.A., and Edward Cresy, Esq. 
New Edition, thoroughly revised, and supplemented under the 
editorial care of the Rev. Alexander Taylor, M.A. (son of 
the late G. L. Taylor, Esq.), Chaplain of Gray's Inn. This is 
the only book which gives on a large scale, and with the precision 
of architectural measurement, the principal Monuments of Ancient 
Rome in plan, elevation, and detail. Large folio, with 130 Plates, 
half-bound, 3/. 3^. 
*** Originally published in two volumes, folio, at 18/. i&r, 

Vitruvius* Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S.A., F.R.A.S. 
Numerous Plates, i2mo, cloth limp. 5^. 

The Young Architect's Book, 

HINTS TO YOUNG ARCHITECTS. By George Wight- 
WICK, Architect. New Edition, revised and enlarged. By G. 
HusKissoN Guillaume, Architect. i2mo, cloth boards, 41. 
** Will be found an acquisition to pupils, and a copy ought to be considered at 
necessary a purchase as a box of instruments." — Architect. 

** A large amount of information, which young architects will do well to acquire, if 
they wish to succeed in the everyday work of their profession." — English Mechanic^ 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE, 
By George Pyne, With 14 Plalc», \\o^ ^s, W,\iaw.^&» 
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The House-Owner^ s Estimator. 

THE HOUSE-OWNER'S ESTIMATOR ; or. What wiU it 
Cost to Build, Alter, or Repair? A Price-Book adapted to the 
Use of Unprofessional People as well as for the Airchitectiiral 
Surveyor and Builder. By the late James D. Simon, A.R.I.B. A. 
Edited and Revised by Francis T. W. Miller, Surveyor. With 
numerous Illustrations. Second Edition, with the prices carefully 
corrected to present time. Crown 8vo, cloth, 3^. 6d, 

*' In two years it will repay its cost a hundred times over." — Field. 

" A very handy book for those who want to know what a house will cost to build, 
alter, or repair.** — English Mechanic. 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; then- Draught -power 
and Stability, with a chapter on Lightning Conductors. By Robert 
Wilson, C.E., Author of ** Treatise on Steam Boilers,*' &c., &c. 
Crown 8vo,* 3^. dd. cloth. 

Civil and Ecclesiastical Building. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
Including Church Restoration. By Sir Edmund Beckett, 
Bart., LL.D., Q.C., F.R.A.S., Chancellor and Vicar- General 
of York. Author of ** Clocks and Watches and Bells," &c. 
Second Edition, i2mo, 5^. cloth boards. 
*' A book which is always amusing and nearly always instructive. Sir E. Beckett 

will be read for the raciness of his style. We are able very cordially to recommend 

aU persons to read it for themselves. The style throughout is in the highest d^^ree 

condensed and epigrammatic."— 7'tm^f. 

" We commend the book to the thoughtful consideration of all who are interested 

in the building ^oct.**— Builder. 

Architecture^ Ancient and Modern. 

RUDIMENTARY ARCHITECTURE, Ancient and Modem. 
Consisting of VITRUVIUS, translated by Joseph Gwilt, 
F.S.A., &c., with 23 fine copper plates; GRECIAN Archi- 
tecture, by the Earl of Aberdeen ; the ORDERS of 
Architecture, by W. H. Leeds, Esq. ; The STYLES of Archi- 
tecture of Various Countries, by T. Talbot Bury; The 
PRINCIPLES of DESIGN in Architecture, by E. L. Garbett, 
In one volume, half-bound (pp. 1,100), copiously illustrated, I2j. ' 



4e 



Sold separately i in two vols.^ as follows — 



ANCIENT ARCHITECTURE. Containing Gwilt's Vitruvius 
and Aberdeen's Grecian Architecture. Price 6j. half -bound. 

N.B.— r>4« is the only edition of VITRUVIUS procurable at a 
moderate price. 

MODERN ARCHITECTURE. Containing the Orders, by Leeds ; 
The Styles, by Bury ; and Design, by Garbett 6j. half-bound. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual of. With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings. 
By Ellis A. Davidson, Author of ** Building Construction," &c. 
Third Edition, carefully revised. l2mo, 6j. doth boards. 
''Contains a mass of information of use to the amateur and of value to the practical 
man. "—^/i^/ish Mechanic. 
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Plumbing. 

PLUMBING ; aText-book to the Practice of the Art or Craft of the 
Plumber. With chapters upon House- drainage, embodying the 
latest Improvements. By W. P. BucHAN, Sanitary Engineer. 
Second Edition, enlarged, with 300 illustrations, i2mo. 45. cloth. 
" The chapters on house-drainage may be usefullv consulted, not onlv by plumbers, 
but also by engineers and all engaged or interested in house- building. — Iron. 

Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS ; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. By Professor Thomas L. Donald- 
son, M.I.B.A. New Edition, in One large volume, 8vo, with 
upwards of 1000 pages, of text, and 33 Plates, cloth, i/. lis, 6d, 
** In this work forty-four specifications of executed works are given. . . . Donald- 
son's Handbook of Specifications must be bought by all architects.** — Builder. 

Specifications for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE : 
A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Essay on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect. 8vo, 15J. cloth. 

*«* A volume of specifications of a practical character being greatly required, and the 
old standard work of Alfred Bartholomew bemg out of print, the author, on the basis 
of that work, has produced the above. — Extract from Preface, 

Designing Measuring^ and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of MEA- 
SURING and VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and usefiil Tables for facilitating Calculations and Measure- 
ments. By E. Wyndham Tarn, M.A., 8vo, lor. td. doth. 

" Well fulfils the promise of its title-page. Mr. Tarn's additions and revisions have 
much increased the usefulness of the vtix^** "^Engineering, 

Beaton s Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Buil(Ung collectively, more especially applied to Carpenters* 
and Joiners' work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of ** Quantities and 
Measurements." Second Edition. Waistcoat-pocket size. is. 6d, 

Beaton's Builders' and Surveyors Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, &c. By A. C. Beaton. Second tdiJ.. 
Waistcoat-pocket size, li, ^. 
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Builders and Contractors Price Book. 

. LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latest prices of all kinds of Builders' 
Materials and Labour, and of all Trades connected with Building, 
&c., &c. The whole revised and edited by F. T. W. Miller, 
Architect and Surveyor. Fcap. half-bound, 4^. 



CARPENTRY, TIMBER, ETC. 

• 

Tredgold^s Carpentry, new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materisds, &c. By Thomas Tredgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (i i of which now first appear 
in this edition), Portrait of the Author, and several Woodcuts. lu 
I vol., 4to, published at 2/. 2J., reduced to i/. 5.r. cloth. 
" Ought to be in every architect's and every builder's library, and those who 
do not already possess it ought to avail themselves of the new issue. — Builder. 

"A work whose monumental excellence must commend it wherever skilful car- 
pentry is concerned. The Author's principles are rather confirmed than impaired by 
time. The additional plates are of great intrinsic value." — Building News. 

Grandy's Timber Tables. 

THE TIMBER IMPORTERS, TIMBER MERCHANT'S, 
and BUILDER'S STANDARD GUIDE. By Richard E. 
Grandy. Comprising : — An Analysis of Deal Standards, Home 
and Foreign, with comparative Values and Tabular Arrangements 
for Fixing Nett Landed Cost on Baltic and North American Deals, 
including all intermediate Expenses, Freight, Insurance, &c., &c. ; 
together with Copious Information for tihe Retailer and Builder. 
2nd Edition. Carefully revised and corrected. i2mo, y, 6d, cloth. 



" Everything it pretends to be : built up gradually, it leads one from a forest to a 

ight, a host of material concerning ' 
cisterns, &c. — all that the class to whom it appeals requires." — English Mechanic, 



treenail, and throws in, as a makeweight, a host of material concerning bricks, columns, 



Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS' 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and all Dealers in Wood whatsoever. By William 
Richardson, Timber Broker. Crown 8vo, 6j. cloth. 

Tables for Packing-Case Makers. 

PACKIl^G-CASE TABLES ; showing the number of Superficial 
l^eet in Boxes or Paclung-Cases, fiom «>\3l mches square and 
upmtrds. Compiled by Wiia-iam. ■Richxkq^q^^ Ks^jcssac^as^ 
^ Second Edition. Oblong 40, 3i. td. doVJtu > ^ ^ 

"HTiU save much labour and STcuUtloii 10 ip^)«Aiift-ca« ?$«^,^tJ^;S^'^'* 
^^loe-cascs. ^'—Grocer. * * InvaiuabV^ \aboui-»8i.vaii \a\A^v — Irontnons^. 
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Hortofis Measurer. 

THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c ; Unequal-sided, Square-sided, Oc- 
tagonal-sided, Round Timber and Stone, and Standing Timber. 
With just allowances for the bark in the respective species of 
trees, and proper deductions for the waste in hewing the trees, 
&c. ; also a Table showing the solidity of hewn or eight-sided 
timber, or of any octagonal-sided column. By Richard Horton. 
Fourth edition, with considerable and valuable additions, i2mo, 
strongly bound in leather, 5j, 

Horton s Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER- 
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, 
and Decimal Tables, &c. By R. Horton. i2mo, 2j. leather. 

Nicholsons Carpenters Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. \s. cloth. 

Dowsing' s Timber Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred, &c., &c. Also a variety of other valuable information. 
By William Dowsing, Timber Merchant Third Edition, Re- 
vised. Crown 8vo, y. cloth. 
"£ver3rthing is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it." — Hull Advertiser, 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Essay on the Strength of Timber, Remarks on the 
Growth of Timber, &c. By W. Richardson. Fcap. 8vo, 3J. dd. cl. 

Woodworking Machinery. 

WOODWORKING MACHINERY ; its Rise, Progress, and 

Construction. With Hints on the Management of Saw Mills and 

the Economical Conversion of Timber. Illustrated with Examples 

of Recent Designs by leading English, French, and American 

Engineers. By M. Powis Bale, M.I.M.E. Large crown Svo, 

I2J-. dd, cloth. ^ust published. 

" Mr. Rale is evidently an expert on the subject, and he has collected so much 

information that his book is all-sufficient for builders and others engaged in the con.- 

version of timber." — Architect. , 

"The most comprehensive compendium ot "woodrviotVATvjL xa"as^vc«^ >«^ xsa:^^ 
seen. The author is a thorough master of Yv\s suV>icc.\.." — B-uUdinj 1^ «?»^ •«. .rltij.>«.c . 
"It should he in the office of every wood-viotVLvtv^t^iclorsr-EHsUsH M.ccn«u>vi. 
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MECHANICS, ETC. 
— ♦— - 

Mechanics Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT. By W. Templeton. i 2th Edit., with 
Mechanical Tables for Operative Smiths, Millwrights, Engineers, 
&c. ; and an Extensive Table of Powers and Roots, i2mo, 5^-. bound. 
" As a text-book in which mechanical and commercial demands are judiciously met, 
Templeton's Companion stands ^xaxvn}^lt^'*— Mechanics* Magazine, 

" Admirably adapted to the wants of a very lar^e class. It has met with great 
success in the engineering workshop, as we can testify ; and there are a great many 
mai who, in a great measure, owe their rise in life to this httle yfoxV.**'-~Buildin£ Newt* 

nneers and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprismg a Collection of Useftd 
Tables, Rules, and Data. Compiled and Arranged, with Original 
Matter, by Wm, Templeton. 6th Edition. lomo, 2s, 6d, cloth. 
"A more suitable present to an apprentice to any of the mechanical trades could not 
possibly be made." — Building News. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 200 mches in length, 
by I to 108 inches in breadth. For the use of Architects, Engineers, 
Timber Merchants, Builders, &c. By J. Haw kings. Fcp. 3^. 6^. cl. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safety and 
Economy. By Dr. Ernst Alban, Practical Machine Maker, 
Plau, Mecklenberg. Translated from the German, with Notes, by 
Dr. Pole, F.R.S„M.LC.E., &c With 28 Plates, 8vo, i6j. fi^/. cl. 

Steam. Boilers. 

A TREATISE ON STEAM BOILERS : their Strength, Con- 
struction, and Economical Working. By R. Wilson, C.E. 

Fifth Edition. i2mo, 6j. cloth. 
** The best work on boilers which has come under our notice. " — Engineering, 
"The best treatise that has ever been published on steam boilers." — Engineer, 

Power in Motion, 

POWER IN MOTION: Horse Power, Toothed Wheel Gearing, 
Long and Short Driving Bands, Angular Forces, &c. By James 
Armour, C.E. With 73 Diagrams. i2mo, 3^., cloth. 

Mechanics. 

THE HANDBOOK OF MECHANICS. By DiONYSius 
Lardner, D.C.L., formerly Professor of Natural Philosophy and 
Astronomy in University College, London. New Edition, Edited 
and considerably Enlarged, by Benjamin Loewy, F.R. A.S., &c., 
&c. With 378 Illustrations, post 8vo, ds. cloth. 
" The explanations throughout are studiously popular, and care has been taken to 

show the application of the various branches of physics to the industrial arts, and to 

the pmcticat business of life "—Mining JoumaU 
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MATHEMATICS, TABLES, ETC. 
Gregorys Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves, 
Part II. Mixed Mathematics — comprising Mechanics in general, 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
copious Logarithmic and other Tables. By Olinthus Gregory, 
LL.D., F.R. A.S. Enlarged by Henry Law, C.E. 4th Edition, 
carefully revised and corrected by J. R. Young, formerly Profes- 
sor of Mathematics, Belfast Coll. With 13 Plates. 8vo, i/. u. doth. 
" The engineer or architect will here find ready to his hand^^rules for solving nearly 

every mathenuitical difficulty that may arise in his practice. The rules are in all cases 

explained by means of examples clearly worked out." — Builder, 
** One of the most serviceable books for practical mechanics. . . . "-'Building News, 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric S)rstem at present in use on the Continent By C. H. 
DOWLING, C. E. 2nd Edit. , revised and enlarged. 8vo, lOf. 6^. cl. 
"Their accuracy has been certified by Prof. Airy, Astronomer-Royal.''— ^«i7(/<rr. 

Inwood's TableSy greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c, and for the 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies ; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &c., together with Smart's Five Tables of Compound 
Interest, and an Extension of the same to Lower and Intermediate 
Rates. By William In wood, Architect. The 21st edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Difficult Computations of the Interest of Money, Dis- 
count, Annuities, &c., by M. FAdor Thoman, of the Soci^te 
Credit Mobilier of Paris. l2mo, &f. cloth. 
" Those interested in the piurchase and^ sale of estates, and in the adjustment of 

compensation cases, as well as in transactions in annuities, life insurances, &c., will 

find the present edition of eminent service." — Engineering. 

Geometry for the Architect^ Engineer^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic ; giving Rules for the Delineation and Application of 
various Geometrical Lines, Figures and Curves. By E. W. Tarn, 
M.A., Architect, Author of "The Science of Building," &c. 
With 164 Illustrations. Demy 8vo. 12^. 6^?. cloth. 

Mathematical Instruments. 

MATHEMATICAL INSTRUMENTS: Their Construction, 
Adjustment, Testing, and Use ; comprising Drawing, Measuring, 
Optical, Surveying, and Astronomical Instruments. By J. F. 
Heather, M.A. Enlarged Edition, for the most -^^x^ ^xsicii^ 
re-written. Numerous Woodculs, lorcvo, v« ^^"^^ 
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Compound Interest and Annuities, 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. By FfeDOR Thoman, 
of the Soci^t^ Cr^t MobUier, Paris. 3rd Edit., i2mo, 4J. 60?!. d. 
" A very powerful work, and the Author has a vory remaricable command of his 
subject." — Professor A. de Morgan. 

Iron and Metal Trades^ Calculator. 

THE IRON AND METAL TRADES' COMPANION : 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from i«. per cwt. to II2J. per 
cwt., and from one farthing per lb, to \s. per lb. Each Table ex- 
tends from one lb. to IQO tons, ByT. Downie. 396 pp., 9^., leather. 
*' A most useful set of tables, and will supply a want, for nothing like them- before 
existed." — Building News. 

Iron and Steel, 

'IRON AND STEEL': a Work for the Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasters and 
their Stocktakers ; Managers of Bar, Rail, Plate, and Sheet Rolling 
Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers ; Architects, Builders, 
&c. By Charles HOARE, Author of * The Slide Rule,' &c Eighth 
Edition. With folding Scales of ** Foreign Measures compared 
with the English Foot,'* and ** fixed Scales of Squares, Cubes, 
and Roots, Areas, Decimal Equivalents, &c." Oblong, 32mo, 6j., 
leather, elastic-band. 
" For comprehensiveness the book has not its equal." — Iro7i. 

Comprehensive Weight CalciUator. 

THE WEIGHT CALCULATOR; being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, a'; 300 Pro- 
gressive Rates, from i Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
consisting of a single addition (mostly to be performed at sight), 
will affijrd an aggregate of 10,266,000 Answers ; the whole l^ng 
calculated and designed to ensure Correctness and promote 
Despatch. By Henrv Harben, Accountant, Sheffield. New 
Edition. Royal 8vo, l/. 5^., strongly half-boimd. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprising several Series of Tables 
for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact profit arising from any mode 
of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a 
Price, so as to produce, by one operation, a sum that will realise 
any required profit after allowing one or more Discounts : to which 
are added Tables of Profit or Advance from i J to 90 per cent., 
Tables of Discount from ij to 98! per cent., and Tables of Commis- 
sion, &c., from \ to 10 per cent. By Henry Harben, Accountant. 
JVew^ Edition, i)emy 8vo. {^\ 5^., half-bound. 
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SCIENCE AND ART. 
Dentistry. — • — 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Com* 
prising also Useful Formulce, Tables, and Receipts for Gold 
rlate, Clasps, Solders, etc., etc. By Charles Hunter. With 
numerous Wood Engravings. Crown 8vo, 7j. dd. cloth. 
The work is very practical." — Monthly Review of Dental Surgery. 

An authoritative treatise We can strongly recommend Mr. Hunter's 

treatise to all students preparinG: for the profession of dentistry, as well as to every 
mechanical dentist." — Dublin Journal of Medical Science. 

"The best book on the subject with which we are acquainted." — Medical Prei% 
and Circular. 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B.A. Crovvn 8vo, 3^. dd. cloth. 

"A thoroughly scientific treatise in popular language. It is evident that the 
author has mastered his subject in its scientific aspects." — Morning Advertiser. 

" We would particularly recommend teachers of the art to place it in every pupil's 
hands, and we feel sure its perusal will be attended with advantage." — Brewer. 

Gold and Gold-Working. 

THE GOLDSMITH'S HANDBOOK : containing full instruc- 
tions for the Alloying and Working of Gold. Including the Art of 
Alloying, Melting, Reducing, Colouring, Collecting and Refining. 
The processes of Manipulation, Recovery of Waste, Chemical and 
Physical Properties of Gold, with a new System of Mixing its 
Alloys ; Solders, Enamels, and other useful Rules and Recipes, &c. 
By George E. Gee, Goldsmith and Silversmith. Second Edition, 
considerably enlarged. i2mo, 3^. 6^. cloth boards. 
" A good, sound, technical educator, and vrill be generally accepted as an 
authority. It gives full particulars for mixing alloys and enamels, is essentially a book 
for the workshop, and exactly fulfils the purpose intended." — Horological Jonmal. 
" The best work yet printed on its subject for a reasonable price. We have no 
doubt that it will speedily become a standard book which few will care to be with- 
out." — Jeiveller and Metalworker. 

" We consider that the trade owes not a little to Mr. Gee, who has in two volumes 
compressed almost the whole of its literature, and we doubt not that many a youne 
beginner will owe a part of his future success to a diligent study of the pages which, 
are peculiarly well adapted to his use." — Clerkenwell Press. 

** It is essentially a practical manual, intended primarily for the use of working 
jewellers, but is well adapted to the wants of amateurs and apprentices, containing, 
as it does, trustworthy information that only a practical man can supply." — English 
Mechanic. 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, containing full In- 
structions for the Alloying and Working of Silver, including the 
different modes of refining and melting the metal, its solders, the 
preparation of imitation alloys, methods of manipulation, preven- 
tion of waste, instructions for improving and finishing the surface 
of the work, together with other useful information and memoranda. 
By George E. Gee, Jeweller, &c. i2mo, 3^. dd. cloth boards. 

" This work is destined to take up as good a position in technical literature as the 
Practical Goldworker^ a book which has passed through the ordeal of critical ex- 
amination and business tests with great success." — Jeweller and Metalworker. 

" The chief merit of the work is its practical character. The workers in the trade 
will speeoily discover its merits when they sit down to study it." — English Mechanic, 

"This work forms a valuable sequel to the author's Practical GoldworkeTf and 
supplies a want long felt in the silver trade." — Silversmith' i TracLt ^ourrubU 
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Electric Lighting, 

ELECTRIC LIGHT : Its Production and Use, embodying plain 

Directions for the Working of Galvanic Batteries, Electric Lamps, 

and Dynamo-Electric Machines. By J. W. Urquhart, C. E., 

Author of ** Electroplating : a Practical Handbook." Edited by 

F. C. Webb, M.I.C.E., M.S.T.E., With 94 Illustrations. 

CrowTi 8vo, 7j. 6^. cloth. £7«^^ published, 

" It is the only work at present available, which gives in language intelligible for 

the most part to the ordinary, reader, a general but concise history of the means 

which have been adopted up to the present time in producing the electric light. " — 

Metropolitan. 

"An important addition to the literature of the electric light. Students of the 
subject should not fail to read \l,"— Colliery Guardian. 

" As a popular and practicd treatise on the subject, the volume may be thoroughly 
recommended." — Bristol Mercury. 

Electroplatings etc, 

ELECTROPLATING: A Practical Handbook, including the 
Practice of Electrotyping. By T. W. Urquhart, C.E. With 
numerous Illustrations. Crown ovo, 5j. cloth. 
*' The volume is without a rival in its particular sphere, and the lucid style in 
which it is written commends it to those amateurs and experimental eIectrot3rpers 
who have but slight, if any, knowledge of the processes of the art to which they turn 
their attention.'*— Z)««]f« and Work. 
** A large amount of thoroughly practical information." — Telegraphic youmal, 
** An excellent practical manual. ' — Engineering. 

"The information given appears to be based on direct personal knowledge. . . . 
Its science is sound, and the style is always ^tSiT.** —AtketuBum. 

*'Any ordinarily intelligent person may become an adept in electro-deposition 
with a very little science indeed, and this is the book to show him or her the way." 
— Builder. 

The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols, royal 8vo, extra 
cloth boards, and lettered, 4/. lar. 
"A compendious encyclopaedia of military knowledge.**— J?</t>f^^A Review, 
" The most comprdiensive work of reference to the military and col&teral sciences.'* 
•^Volunteer Service Gazette, 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolwich. Sixth Edition, crown 
8vo, cloth, with separate Atlas of 12 Plates, izs, complete. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE- WARES : their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J, 
W. Slater. Post 8vo, 7^. 6^?. cloth. 

"A complete encyclopaedia of the materia tinctoria. The information is full 
nd precise, and die methods of determining the value of articles liable to sophistica- 
on, sure practical as well as vaduable."— CA^w/ and Druggist, 
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The Alkali Trade — Sulphuric Acidy etc. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon- 
Tyne and London. With 232 Illustrations and Working Draw- 
ings, and contain uig 386 pages of text. Super- royal 8vo, 
2/ 1 2 J. td, cloth. \Just published. 

This work provides (i) a Complete Handbook for intendmg Alkali and Sulphuric 
Acid Manufacturers y and for tltose already in the field who desire to improve their 
plant y or to become practically acquainted with the latest processes and developments 
of the trade ; (2) a Handy Volume which Manufacturers can put into the hands qf 
their Managers and Foremen as a useful guide in their daily rounds of duty. 

Synopsis of Contents. 



Chap. I. Choice of Site and General 
Plan of Works— II. Sulphuric Acid — 
III. Recovery of the Nitrogen Com- 
pounds, and Treatment of Small Pyrites 
—IV. The Salt Cake Process— V. Legis- 
lation upon the. Noxious Vapours Ques- 
tion — VI. The Hargreaves' and Jones' 
Processes — ^VII. The Balling Process — 
VIII. Lixiviation and Salting Down — 



IX. Carbonating or Finishing — X. Soda 
Crystals — XI. Refined Alkali — XII. 
Caustic Soda — XIII. Bi-carbonate of 
Soda — XIV. Bleaching Powder— XV. 
Utilisation of Tank Waste— XVI. General 
Remarks — Four Appendices, treating of 
Yields, Sulphuric Acid Calculations, Ane- 
mometers, and Foreign Legislation upon 
the Noxious Vapours Question. 



"The author has given the fullest, most practical, and, to all concerned in the 
alkali trade, most valuable mass of information that, to our knowledge, has been 
published in any language." — Engineer. 

" This book is written by a manufactiurer for manufacturers. The working details 
of the most approved forms of apparatus are given, and these are accompanied by 
no less than 232 wood engravings, all of which may be used for the purposes of con- 
struction. Every step in the manufacture is very fully described in this manual, and 
each improvement explained. Everything which tends to introduce economy into 
the technical details of this trade receives the fullest attention. The book has been 
produced with great completeness." — Athemeum. 

"The author is not one of those clever compilers who, on short notice, will 'read 
up' any conceivable subject, but a practical man in the best sense of the word. We 
find here not merely a sound and luminous explanation of the chemical principles of 
the trade, but a notice of numerotis matters which have a most important bearing 
on the successful conduct of alkali works, but which are generally overlooked by 
even the most experienced technological authors. This most valuable book, which 
we trust will be generally appreciated, we must pronounce a credit alike to its author 
an4 to the enterprising firm who have undertaken its publication." — Chemical 
Rez iew. 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of ** Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
"Treatise on Chemical Analysis." New Edition, Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F,R.S. 
With numerous Illustrations. Cr. 8vo, I2J. dd, cloth. 

"We recoixunend this book to tfic careful perusal of every one ; it may be truly 
affirmed to be of universal interest, and we strongly recommend it to our readers as a 
guide, alike indispensable to the housewife as to uie pharmaceutical practitioner. "-^ 
Medical Times. 

" Essential to the analysts appointed under the new Act. The most recent result 
are given, and the work is well edited and carefully written. "^^-JVa/Mfv. 
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Dr. Lardners Museum of Science and ArL 

THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardner, D.C.L., formerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. With up- 
wards of 1 200 Engravings on Wood. In 6 Double Volumes. 
Price £1 I J., in a new and elegant cloth binding, or handsomely 
bound in half morocco, 3IJ. 6^. 

OPINIONS OF THE PRESS. 

" This series, besides affording popular but sound instruction on scientific subjects, 
with which the humblest man in the country ought to be acquainted, also undertakes 
that teaching of ' common things 'which every well-wisher of his kind is anxious to 
promote. Many thousand copies of this serviceable publication have been printed, 
in the belief and hope that the desire for instruction and improvement widely pre- 
vails ; and we have no fear that such enlightened faith will meet with disappoint- 
ment" — Times. 

"A cheap and interesting publication, alike informing and attractive. The papers 
combine subjects of importance and great scientific knowledge, considerable induc- 
tive powers, and a popular style of treatment." — Spectator. 

"The 'Museum of Science and Art' is the most valuable contribution that has 
ever been made to the Scientific Instruction of every class of society." — Sir David 
Brewster in the North British Review, 

" Whether we consider the liberality and beauty of the illustrations, the charm of 
the writing, or the durable interest of the matter, we must express our bdief that 
there is hardly to be found among the new books, one that would be welcomed by 
people of so many ages and classes as a valuable present*" — Examiner. 

*♦* Separate books formed from the above ^ suitable for Workmen* s 

Libraries^ Science Classes^ dfc, 

COMMON THINGS EXPLAINED. Containing Ah-, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
Watches, &c. 233 Illustrations, cloth gilt, 5^. 

THE MICROSCOPE. Containing Optical Images, Magnifying 
Glasses, Origin and Description of the Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engrav- 
ing, &c. 147 Illustrations, cloth gilt, 2s. 

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes, 
the Crust of the Earth, etc. 201 Illustrations, cloth gilt, 2s. 6d, 

POPULAR PHYSICS. Containing Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c 85 Illus- 
trations, cloth gilt, 2s. 6d. 

STEAM AND ITS USES. Including the Steam Engme, the Lo- 
comotive, and Steam Navigation. 89 Illustrations, cloth gilt, 2s, • 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, &c. 182 Illustrations, 45. 6d. 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trations, cloth gilt, 2s, 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
intelligible to all who can Read, irrespective of any previous Scien- 
tific Acqtiirements, the various forms of Telegraphy in Actual 
Operation. lOO Illustrations, cloth gilt, is, 6d, 
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Dr. Lardnef^s Handbooks of Natural Philosophy. 

*♦* The following five volumes, though each is Complete in itself, and to be pur- 
chased separately, form A Complete Course of Natural Philosophy, atid are 
inteiided for the general reader who desires to attain accurate knowledge of the 
various departments of Physical Science, without pursuing them according to the 
more Profound methods of mathematical investigation. The style is studiously 
popular. It has been the author's aim to supply Manuals such as are required by 
the Student, the Engineer, the Artisan, and the superior classes in Schools. 

THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by Benjamin Loewy, F.R.A.S. With 378 Illustra- 
tions. Post 8vo, 6s, cloth. 
"The perspicuity of the original has been retained, and chapters which had 
become obsolete, have been replaced by others of more modem character. The 
explanations throughout are studiously popular, and care has been taken to show 
the application of the various branches of physics to the industrial arts, and to 
the practical business of life." — Mining youmal. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 
F.R.A.S. With 236 Illustrations. Post Svo, Ss. cloth. 
" For those * who desire to attain an accurate knowledge of physical science with- 
out the profound methods of mathematical investigation,' this work is not merely in- 
tended, but well adapted." — Chemical News. 

THE HANDBOOK OF HEAT. Edited and almost entirely 
Rewritten by Benjamin Loewy, F.R.A.S., etc 117 Illustra- 
tions. Post Svo, 6s, cloth. 
" The style is always clear and precise, and conveys instruction without leaving 

any cloudiness or lurkrag doubts behind." — Engineering, 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B. A. 298 Illustrations. Post Svo, 5^. cloth. 

" Written by one of the ablest English scientific writers, beautifully and elaborately 
Vi\\\%tnXi&di."— Mechanics' Magazine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B.A., F.C.S. With 400 Illustrations. Post Svo, $s. cloth. 

" The book could not have been entrusted to anjr one better calculated to preserve 

the terse and lucid style of Lardner. while correcting his errors and brin|^ng up his 

work to the present state of scientific knowledge." — Popular Science Review, 

Dr. Lardner s Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Com- 
panion to the ** Handbooks of Natural Philosophy." By Diony- 
sius Lardner, D.C.L., formerly Professor of Natural Philosophy 
and Astronomy in University College, London. Fourth Edition. 
Revised and Edited by Edwin Dunkin, F.R.S., Royal Observa- 
tory, Greenwich. With 38 Plates and upwards of 100 Woodcuts. 
In I vol., small Svo, 550 pages, 9^. 6^?'., cloth. 
"Probably no other book contains the same amount of inforcration in so com- 
pendious and well-arranged a form — certainly none at the price at which this is 
offered to the public." — Atheneeum. 

*' We can do no other than pronounce this work a most valuable manual of astro- 
nomy, and we strongly recommend it to all who wish to acquire a general — but at 
the same tii.e correct — acquaintance with this sublime science."- -Quarterly yeumal 
of Science. 

Dr. Lardner' s Handbook of Animal Physics. 

THE HANDBOOK . OF ANIMAL PHYSICS. By Dr. 
Lardner. With 520 Illustrations. New edition, small Svo, 
cloth, 732 pages, *js, 6d, 
" We have no hesitation in cordially recommendiog it,**-— Educational Times. 
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Dr. Lardner's School Handbooks, 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner. 

328 Illustrations. Sixth Edition. I vol. 3^*. dd. cloth. 
" Conveys, in clear and precise terms, general notions of all the principal divisions 
of Physical Science."— ^rr/wA Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Labdner. 

With 190 Illustrations. Second Edition, i vol. 3^. (id, cloth. 
"Clearly written, well arranged, and excellently illustrated."— ^ar((^nt«rc'CArtf>««ri4r. 

Dr, Lardner's Electric Telegraph, 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. N«w 
Edition. Revised and Re- written, by E. B. Bright, F.R. A. S. 
140 Illustrations. Small 8vo, 7.s. 6d. cloth. 
" One of the most readable books extant on the Electric Telegraph."— JE!i^. Mechanie, 

Electricity. 

A MANUAL of ELECTRICITY ; including Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magneto-Electricity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S, 
Fourth Edition, with 500 Woodcuts. 8vo, i/. 4r. cloth. 
'* The accounts ^iven of electricity and galvanism are not only complete in a spiftntific 
sense, but, which is a rarer thing, are popular and interesting."— ZaiMV/. 

Text-Book of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., F.C.S. New Edition, care- 
fully Revised. With an Introduction and Additional Chapters 
by W. H. Preece, M.I.C.E., Vice-President of the Society of 
Telegraph Engineers, &c. With 470 Illustrations. Crown 8vo, 

1 2 J. dd. cloth. {Just published, 

*'A reflex of the existing state of Electrical Science adapted for students." — 
W. H. Preece, Esq., vide ** Introduction." 

** We can recommend Dr. Noad's book for clear style, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the present are indis- 
pensable." — A then rum. 

** An admirable text-book for every student— beginner or advanced — of electricity.*' 
— Engineering^. 

" A most elaborate compilation of the facts of electricity and magnetism. " — Popular 
Science Review. 

" May be recommended to students as one of the best text-books on the subject 
that they can have. . . . Mr. Preece appears to have introduced all the newest 
inventions in the shape of telegraphic, telephonic, and electric-lighting apparatus." — 
English Mechanic. 

"The work contains everything that the student can require, it is well illustrated, 
clearly written, and possesses a good index." — Academy. 

" One of the best and most useful compendiums of any branch of science in our 
literature." — Iron. 

"Under the editorial hand of Mr. Preece the late Dr. Noad's text book of elec- 
tricity has grown into an admirable handbook." — Westminster Review. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION ; or, Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor le Vaux. Numerous Illustrations. Fcap. 8vo, 
5f. cloth. 

*' A valuable contribution to the evidences of revelation, and disposes very conclu- 
Rively of the arguments of those who would set God's Works against God's Word. 
No rear'difKculty is shirked, and no sophistry is left unexposed." — The Rock, 
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Science and Scripture, 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— i. 
Alleged Discrepancies ; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso : The Supematurally Impossible ; 6. The 
Age of the Fixed Stars, &c. By Prof. J. R. Young. Fcap. 5j. cL 

Geology. 

A CLASS-BOOK OF GEOLOGY. Consisting of "Physical 
Geology," which sets forth the Leading Principles of the Science ; 
and ** Historical Geology," which treats of the Mineral and Organic 
Conditions of the Earth at each successive epoch, especial reference 
being made to the British Series of Rocks. By Ralph Tate, 
With more than 250 Illustrations. Fcap. 8vo, 5j. cloth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev, 
John Carr, M.A., late Fellow of Trin. Coll., Camb. i8mo, 5j. cl. 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A. L. S. , F. G. S. With numer- 
ous Plates and 300 Woodcuts. 3rd Edition. Cr. 8vo, yj. td, cloth. 

Clocksy Watches^ and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart, (late E. B. 
Denison), LL,D., Q.C., F.R.A.S. Sixth edition, revised and en- 
larged. Limp cloth (No. 67, Weale's Series), 4J. 6^.; cloth bds. 5j. dd, 

" As a popular and practical treatise it is imapproached.*' — English Mechanic. 

"The Dest work on the subject' probably extant. The treatise on bells is un- 
doubtedly the best in the language. "—Engineering. 

"The only modem treatise on clock-making." — Norological JoumaU 

Grammar of Colouring, 

A GRAMMAR OF COLOURING, appHed to Decorative 
Painting and the Arts. By George Field. New edition, en- 
larged. By Ellis A. Davidson. With new Coloured Diagrams 
and En^avings. i2rao, 3j". 6d. cloth. 
*' The book is a most useful risunti of the properties of pigments.*' — Builder, 

Pictures and Painters, 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for Visitors to Picture 
Galleries, and for Art-Students, including methods of Painting, 
Cleaning, Re-Lining, and Restoring, Principal Schools of Painting, 
Copyists and Imitators. By Philippe Daryl, B. A. Cr. 8vo, 3J. dd, cl. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg, Directors of the Rotterdam Painting 
Institution. Illustrated with 24 full-size Coloured Plates ; also 
II Plain Plates; comprising 154 Figures. FoUo^ %L \'u* ^^\sra«sA« 
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Delamotte^s Works on Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Rudimentary Treatise on the Ajt, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MOTTE. Small 4to, 9^. Elegantly bound, doth antique. 

*' The examples of ancient MSS. recommended to the student, which, with much 
good sense, the author chooses from collections accessible to all, are selected widi 
judgment and knowledge, as well as taste." — Athefueum. 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIEVAL j 

from the Eighth Century, with Numerals ; including Gothic, 

Church-Text, German, Italian, Arabesque, Initials, Monograms, 

Crosses, &c. Collected and engraved by F. Delamotte, and 

printed in Colours. New and Cheaper Edition. Royal Svo, 

oblong, 2s, 6d. ornamental boards. 

" For those who insert enamelled sentences round gilded chalices, who blazon shop 
legends over shop-doors, who letter church walls with pithy sentences from the 
Decalogue, this book will be ust{vLi**—Ai^fueum, 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque, &c., &c. Collected and 
engraved by F, Delamotte, and printed in Colours. New and 
Cheaper Edition. Royal Svo, oblong, 2s, 6d, ornamental boards. 

" There is comprised in it every possible shape into which the letters of the alphabet 
and numerals can be formed," — StandarcU 

MEDIEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte. Containing 21 Plates, and 
Illuminated Title, printed in Gold and Colours. With an Intro- 
duction by J. Willis Brooks. Small 4to, dr. cloth gilt. 

THE EMBROIDERER'S BOOK OF DESIGN ; containii^ Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders/Ecdesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal Svo, \s, 6d, in ornamental boards. 

Wood- Carving. . 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, 2s, 6d, 

'* The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from * A Lady's ' publication."— ^^^«<rwiw. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By Thomas John GullicKi 
Pamter, and John Timbs, F.S.A. Fourth Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8vo, dr. clotlu 
%• This Work has been adopted as a Prize-book in the Schools of 
Art at South Kensington, 
" Contains a large amount of original matter, agreeably conveyed." — BuUder, 
** Much mzy b« learned, even by those who fancy they do not require to be taught, 
from the carefiu perusal of Uiis \mpretend\ns\)uXcom^x^cQ&.v<«tnatise. **-^A rt youmtU, 
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AGRICULTURE, GARDENING, ETC. 
Youatt and Burtis Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By ROBERT Scott Burn. One large 8vo. 
volume, 860 pp. with 244 Illustrations, i/. u. half-bound. 

*• The standard and text-book, with the farmer and grazier."— ^tfrw^i Magazine. 

*' A treatise which will remain a standard work on the subject as long as British 
agriculture endures." — Mark Lane Express. 

History, Structure, and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C, &c. 

Fourth Edition, with fine engravings, including specimens of New 
and Improved I3reeds. 366 pp., 4J. cloth. 

Production of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distributors, 
and Consumers of Butchers' Meat. Being a treatise on means of 
increasing its Home Production. Also comprehensively treating 
of the Breeding, Rearing, Fattening, and Slaughtering of Meat- 
yielding Live Stock ; Indications of the Quality ; Means for Pre- 
serving, Curing, and Cooking of the Meat, etc. By John Ewart. 
Numerous Illustrations. Cr. 8vo, 5j. cloth. 
" A compact and handy volume on the meat question, which deserves serious and 
thoughtful consideration at the present time." — meat and Provision Tradei Review. 

Donaldson and Burns Suburban Farming, 

SUBURBAN FARMING. A Treatise on the Laying Out and 
Cultivation of Farms adapted to the produce of Milk, Butter and 
Cheese, Eggs, Poultry, and Pigs. By the late Professor John 
Donaldson. With considerable Additions, Illustrating the more 
Modern Practice, by R. Scott Burn. With Illustrations. Crown 
8vo, 6^. cloth. 

Modern Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy — 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, and 
Poultry — Utilisation of Town Sewage, Irrigation, &c. New Edition. 
In I vol. 1250 pp., half-bound, profusely illustrated, \2s. 
"There is sufficient stated within the limits of this treatise to prevent a farmer 
from going far wrong in any of his operations."— C^^j^rf^r. 

Amateur Farming. 

THE LESSONS of MY FARM : a Book for Amateur Agricul- 
turists, being an Introduction to Farm Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of flie Dairy, Poultry, 
Pigs, &C. By R. Scott Burn. With numerous Illus* ¥c^* €ks. ^. 
"A complete intn)duction to the whole roxxa^ ol laxxcJaw^ ^^twa^KftT — ^ohafc^uA 
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- II *■ 

The Management of Estates. 

LANDED ESTATES MANAGEMENT: Treating of the 
Varieties of Lands, Peculiarities of its Farms, Methods of Fanning, 
the Setting-out of Farms and their Fields, Construction of Roads, 
Fences, Gates, and Farm Buildings, of Waste or Unproductive 
Lands, Irrigation, Drainage, Plantation, &c. By R. Scott Burn. 
Numerous Illustrations. Second Edition. i2mo, 3^. cloth. 

" A complete and comprehensive outline of the duties appertaining to the manage- 
ment of landed estates." — Jouf ttal of Forestry, 

*' A very useful vade-mecum to such as have the care of land." — Globe, 

The Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and the Organiza- 
tion of Farm Labour. Treating of the General Work of the Farm, 
Field, and Live Stock, Details of Contract Work, Specialties of 
Labour, Economical Management of the Farmhouse and Cottage, 
and their Domestic Animals. By Robert Scott Burn, Author 
of "Outlines of Modem Farming," &c. With numerous Illustra- 
tions, i2mo, 3 J. cloth boards. \Ju5t published. 

Management of Estates and Farms, 

LANDED ESTATES AND FARM MANAGEMENT. By 
R. Scott Burn, Author of "Outlines of Modem Fanning," 
Editor of "The Complete Grazier," &c. With Illustrations. 
Consisting of the above Two Works in One vol., 6j. half-bound. 

[yust published. 

Kitchen Gardening, 

KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every 
known Vegetable and Herb, with cultural directions for the 
management of them all the year round. By GEORGE M. F. 
Glenny. With Illustrations, i2mo, 2j. cloth boards. 
" As a guide to hardy kitchen gardening, this book will be found trustworthy and 
useful."— iV(£7r/.4 British Agriculturist. 

Culture of Fruit Trees. 

FRUIT TREES, the Scientific and Profitable Culture ot From 
the French of Du Breuil, revised by Geo, Glenny. 187 Cuts. 
i2mo, 4r. cloth. 

Good Gardening, 

A PLAIN GUIDE TO GOOD GARDENING ; or, How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, &c. By S. Wood. Third Edition, with considerable 
Additions, &c., and numerous Illustrations. Cr. 8vo, y. cloth. 
" A very good book, and one to be highly recommended as a practical guide. 
The practicsd directions are excellent" — Athenaum. 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; or. How to make One 
Acre of Land produce £620 a year, by the Cultivation of Fruits 
and Vegetables ; also. How to Grow Flowers in Three Glass 
Houses, so as to realise £176 per annum clear Profit. By Samuel 
Wood. 3rd Edition, revised. Cr. 8vo, 2J. doth. 
" We are bound to vecommend it as not only suited to the case of the amateur «*}^ 
gentleman's gardener f but to the market groHfex«*«^arden«V« Ma&os^, 
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Bulb Culture, 

THE BULB GARDEN, or, How to Cultivate Bulbous and 
Tuberous- rooted Flowering Plants to Perfection. A Manual 
adapted for both the Professional and Amateur Gardener. By 
Samuel Wood, Author of "Good Gardening," etc. With 
Coloured Illustrations and Wood Engravings. Cr. 8vo, 3^. (id, cloth. 
" The book contains practical susgestions as to the arrangement of the flowers, and 
the growth of flower-roots for the trade^as well as for amusement." — Saturday Reviev). 

Tree Planting, 

THE TREE PLANTER AND PLANT PROPAGATOR: 
Being a Practical Manual on the Propagation of Forest Trees, 
Fruit Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c. 
Numerous Illustrations. By Samuel Wood. i2mo, 2J. 6^. cloth. 

Tree Pruning. 

THE TREE PRUNER : Being a Practical Manual on the 
Pruning of Fruit Trees. Including also their Training and Renova- 
tion, with the best Method of bringing Old and Worn-out Trees 
into a state of Bearing ; also treating of the Pnming of Shrubs, 
Climbers, and Flowering Plants. With numerous Illustrations. 
By Samuel Wood. i2mo, 2s, 6d. cloth. \jfttst published. 

Tree Planting, Fruiting, <5f Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER, 
By Samuel Wood, Author of ** Good Gardening," &c. Consisting 
of the above Two Works in One Vol., 5^. half-bound. 

Potato Culture. 

POTATOES, HOW TO GROW AND SHOW THEM; A 
Practical Guide to the Cultivation and General Treatment of the 
Potato. By Tames Pink. With Illustrations. Cr. 8vo, 2J. cl, 
"A well written little volume. The author gives good practical instructions 
under both divisisns of his subject" — Agricultural Gazette, 

Hudson s Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT: being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c. By R. Hudson, C. E. 
New Edition, royal 32mo, leather, gilt edges, elastic band, 4J. 

Ewarfs Land Improver^ s Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULiE, TABLES, and MEMORANDA, required in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, Land Surveyor and Agricultural Engineer. 
Royal 32mo, oblong, leather, gilt edges, with elastic band, 4J. 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, *js. 6d, 
** We consider Hudson's book to be the best ready-reckoner on matters relating to 
the valuation of land and crops we have ever seen, and its combination with Mr. 
Ewart's work greatly enhances the value and usefulness of the latter-mentioned . « 
It is most useful as a manual for reference."— iVt^r^A of finglomd Farmer. 
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"-r4 Complete Epitome of the Laws of tAis 
Country." 

EVERY MAN'S OWN LAWYER; a Handy-Book of the Prio. 
ciples of Law and Equity. By A Barrister. New Edition, 
much enlarged. With Notes and References to the Audioritia. 
Crown 8vo, cloth, price 6s, Sd. (saved at every consultation). 

COMPRISING THE RIGHTS AND WRONGS OF INDIVIDUALS, 
MERCANTILE AND COMMERCIAL LAW, CRIMINAL LAW, PARISH LAW, 
COUNTY COURT LAW, GAME AND FISHERY LAWS, POOR MEN*S 

LAW, THE LAWS OF 



Bankruptcy — Bills of Exchangk — 
Contracts and Agreements — Copy- 
right—Dower AND Divorce — Elec- 
tions and Rjtcistration — Insurance 
—Libel and Slander — Mortgages- 



Settlements— Stock Exchangb Prac- 
tice — Trade Marks ahd Patxnts— 
Trespass, Nuisances, btc. — ^Tsansfii 
of Land, etc.— Warranty — Wills 
and Agreements, btc. 



Also Law for Landlord and Tenant — | — Friendly Societies — Qer:|^rmen, Chuxdif 
Master and Servant— Workmen and Ap- j wardens — Medical Practitioiiers, &c. -^ 
prentices— Heirs, Devisees, and Lega- Bankers — Fanners — Contractors — Stock 
tees — Husband and Wife — Executors ' and Share Brokers — Sportsmen and Game* 



keepers — Farriers and Horse-Dealer»— 
Auctioneers, House-Agents — Inakeepens, 
&c. — Pawnbrokers — Surveyors — K^ 
ways and Carriers, &c, &c. 



and Trustees — Guardian and Ward — 
Married Women and Infants — Partners 
and Agents — Lender and Borrower — 
Debtor and Creditor — Purchaser and 
Vendor — Companies and Associations 

•* No Englishman ought to be without this hook.*'-~En£^uuer. 

" What it professes to be — a complete epitome of Uie lawrsof this country, thorougfaly 
intelligible to non-professional readers. The book is a handy one to have in readiness 
when some knotty point requires ready solution." — BelFs Life, 

" A concise, cheap, and complete epitome of the English law, so plainly written 
that he who runs may read, and he who reads may understand." — Figaro, 

" A useful and concise epitome of the law." — Law Magazine. 

'* Full of information, fitly expressed without the aid of technical expressions, and 
to the general public will, we doubt not, prove of considerable worth." — McoMomist. 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c. By JOHN Whesler, Valuer, &c. 
Fourth Edition, enlarged, by C No&Ris. Royal 32010, cloth, 5/. 
" A neat and concise book of reference, containing an admurable and dearh^ 

arranged list of prices for inventories, amd a very practical guide to determine m 

value of furniture, &c." — Standard. 

Auctioneering. 

AUCTIONEERS : THEIR DUTIES AND LIABILITIES. 
By Robert Squibbs, Auctioneer. Demy 8vo, loj, 6d. cloth. 

House Property. 

HANDBOOK OF HOUSE PROPERTY : a PopuUr and Prac- 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsoiy 
Sale of Houses and Land ; including the Law of Dilapidations and 
Fixtures ; with Explanations and Examples of all kinds of Valut- 
tions, and useful Information and Advice on Building. By E. Lt 
Tarbuck, Architect and Surveyor, 2nd Edition. i2mo, 3J. 6<f. cL 

* We are ^lad to be able to recommend it." — Builder. 

" The advice is thoroughly practical.*'— Xtfw JoumaL 

Bradbury, Agnew, & Oo.,l^xV&Uflc%,'Nr^\RSi\ax%,'\is&ja0a. 
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A NEW LIST OF 

WEALE'S SERIES 

RUDIMENTARY SCIENTIFIC, EDUCATIONAL, 
AND CLASSICAL. 

I J Fifh diitiiut aor/H in almoil every Of 

1, rtcmmtmkd lo iMt nnlict of Enginart. 

iisans, nnd Siudtntt f^tiuralh'. tu^Btli tu t^ llus^tteraltd 

; Litirary and ^cunit^TfislUuliims^ Ctllfta, Scjeoil, 



!i Ckiac!. frj.. &-C. 



tS- '■ WEALE'S SERIES includes Teit-Boots on almost every branch of 
Science and Industry, comptising such subjects as Agriculture, Architecture 
and Building, Civil Engineering, Fine Arts. Mechanics and Mechanical 
Eugineering. Physical and Chemical Science, and many miscellaneoo* 
Treatises. The whole are constantly undergoing revision, and new editions, 
brought up to the latest discoveries in scienti&c research, are constantly 
issued. The prices at which they are sold are as lov; as their excellence Is 
assured," — American Literary Gaeetlt. 

" Amongst the literature of technical education, Wbalb's Series bas ever 
enjoyed a high reputation, and the additions being made by Messrs. CltOSBV 
LOCKWOOD Si CO. render the series even more complete, and bring the infor- 
malion upon the several subjects down to Che present time." — Minii^ 
yourtial, 

" It is impossible to do otherwise than bear testimony to the value of 
VVealh's SsRtss."— Engineer. 

" Everybody — even that outrageous nuisance ' Every Schoolboy'— knows 
e merits of 'Weale's Rudimentary Series,' Any persons wishing to 
;quire knowledge camiot do better than look through Weale's Series and 
!C Ml the tiooks they require. The Series is Indeed an inexhaustible mine 
of literary wealth."— rAe Metropolitan. 

" WEALE'S SERIES has become a standard as well as an unrivalled 
collection of treatises in all branches of art and science."— Pwiltc OiintOH. 




CROSBY LOCKWOOO & C,C»., 

7, STATIOSSRS' HALL COURT, LUDGKIl. TiVli, \»«'Wi-s, 



weale's rudimentary series. 



WEALE'S BUDIMENTABT SCIEHTIFIC SEBIES. 




*»* The volames of this Series are fire^ Illnstrated witii 
Woodcuts, or otherwise, where requisite. Throng^hont ih» fol* 
lowing List it must be understood that the books are boand u 
limp cloth, unless otherwise stated; du/ the voiuntes fmarktd 
with a X may also be had strongly bound in cloth boards for 6d, 
extra, 

N.B, — /n ^ordering from this List it is recontmendkd, as a 
means vf fetcilitating business and obviating error, to quote thi 
numbers affixed to the volumes, as well as the titles and prices. 



No ARCHITECTURE, BUILDING, ETC. 

i6.' ARCHITECTURE^ORDERS—Tht Orders and Ihdr .Esthetic 
Principles. By W. H. Lbbds. Illustrated, is. 6d. 

I^ ARCHITECTURE— STYLES— Th& History and Description of 
the Styles of Architecture of Various Countries, £n>m the Earliest to tbe 
Present Period, fiy T. Talbot Bury, F.R.I.B.A^ fltc. Illastrated. ss. 
*«* Orders and Stylbs op Architbcturb, in One Vol^ ys. 6d, 

i8. ARCHITECTURE— DESIGN— Vti^ Principles of Design in 

Architecture, as deducible from Nature and exemplified in the 'Woxfa of die 
Greek and Gothic Architects. ByE.L.GARBBTT, Architect. Illastratad. ss.6d. 

%* The three preceding Worhs, in One handsome Vol., half bound, entitled 

"MoDBRN Architbcturb," /n4?« 6f. 

32. THE ART OF BUILDING, Rudiments of. General Principles 
of Construction, Materials used in Building^ Strength and Use of Matenals, 
Working Drawings, Specifications, and Estimates. By E. Dobson, ss.t 

23. BRICKS AND TILES, Rudimentary Treatise on the Manufac- 
ture of; containing an Outline of the Principles of Brickmaking. By £dw« 
DoBSON, M.R.I.B.A. With Additions by C Tomunson, F.R.S. Illustrated, i%A 

35. MASONRY AND STONECUTTING, Rudimentary Treatise 
on ; in which the Principles of Masonic Projection and their apiilication to 
the Construction of Curved Wing- Walls, Domes, Oblique Bridges, and 
Roman and Gothic Vaulting, are concisely explain^. By Edward DoBSON, 
M.R.I.B.A., &c. Illustrated with Plates and Diagrams. 2s. 6d.t 

44. FOUNDATIONS AND CONCRETE «^C?i?^5, a Rudimentary 

Treatise on ; containing a Synopsis of the principal cases of Foundation 
Works, with the usual Modes of Treatment, and Practical Remarks on 
Footings, Planking, Sand, Concrete, B6ton, Pile-driving, Caissons, and 
Cofferdams. By £. Dobson, M.R.I.B.A., 8cc. Fourth Emtion, revised by 
Gborgb Dodd, C.E. Illustrated, xs. 6d. 

42. COTTAGE BUILDING. By C. BRUCE Allen, Architect 

Ninth Edition, revised and enlarged. Numerous Illustrations, xs. 6d. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERING, &c. By G. R. Burnbll, C.E. Eleventh Edition, is. 6d. 

57. WARMING AND VENTILATION, a Rudimentary Treatise 
on ; being a concise Exposition of the Greneral Principles of the Art of Warm- 
ing and ventilating Domestic and Public Buildings, Mines, Lighthouses, 
Ships, &c. By Charlbs Tomlinson, F.R.S., &c. Illnstrated. 3s. 

83««. CONSTRUCTION OF DOOR LOCKS. CompUed from the 
Papers of A. C. Hobbs^ Esq., of New York, and Edited by Charlbs Tom- 
UNSON, F.R.S. To which is added, a Description of Fenby's Patent Locks, 
and a Note upon Iron Safes by Robert Mallet, M.I.CE. IUus. ss. 6d. 

III. ARCHES, PIERS, BUTTRESSES, dfc: Experimental Essays 
on the Principles of Construction in ; made with a view to their being usenl 
to the Practical Builder. By William Bland. Illustrated, xs. 6d. 

The t indicates that these vols, may be had strongly bound at 6d. extra. 
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Architecture, Building, etc., continued, 
ii6. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 

Principles of the Science of Sound applied to the purposes of the Architect and 
Builder. By T. Roger Smith, M.R.I.B.A., Architect. Illustrated, is. 6d. 

124. CONSTRUCTION OF ROOFS, Treatise on the, as regards 
Carpentry and Joinery. Deduced from the Works of Robison, Price, and 
Tredgold. Illustrated, is. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS — THE ARCHITECTURE OF MARCUS 

VITRUVIUS PC LLC. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Greece. By the Earlof Aberdeen, is. 
*•* The two preceding Work* in One handsome Vol.f half bound, entitled "Ancient 

. Architecture," price 6s, 
x6, 17, z8, Z28, and 130, in One Vbt., entitled " Ai/cibnt and Modern Architbc- 

TURE," half boundf 12s, 

132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection 
of. Illustrated by a Perspective View, Plans, Elevations, and Sections of a 
pair of Semi-detached Villas, with the Specification, Quantities, and Esti- 
mates, and every requisite detail, in sequence, for Uieir Construction and 
Finishing. By S. H. Brooks, Architect. New Edition, with Plates. 2s. 6d.t 

156. QUANTITIES AND MEASUREMENTS, How to Calculate and 
Take them in Bricklayers', Masons', Plasterers*, Plumbers*. Painters*, Paper- 
hangers*, Gilders*, Smiths*, Carpenters', and Joiners' Work. By A. C. 
Beaton, Architect and Surveyor. New and Enlarged Edition. HIus. is. 6d. 

175. LOCK WOOD <&• CO:S BUILDER'S AND CONTRACTOR'S 
PRICE BOOiL for 1880, containing the latest Prices of all kinds of Builders' 
Materials and Labour, and of all Trades connected with Building : Lists of 
the Members of the Metropolitan Board of Works, of Districts, District 
Officers, and District Surveyors, and the Metropolitan Bye-laws. Edited by 
Francis T. W. Miller, Architect and Surveyor. 3s. 6d. ; half bound, 4s. 

183. CARPENTRY AND JOINERY— Tbil Elementary Pmn- 

CIPLES OF Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E. With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by E. Wyndham 
Tarn, M.A. Numerous Illustrations. 3s. 6d.T 

l82». CARPENTRY AND JOINERY, ATLAS of 35 Plates to 
accompany the foregoing book. With Descriptive Letterpress. 4to. 6s. ; 
cloth boards, 7s. 6d. 

187. HINTS TO YOUNG ARCHITECTS, By George Wight- 

wiCK. New, Revised, and enlarged Edition. By G. Huskisson Guillaumx, 
Architect. With numerous Woodcuts. 3s. 6d4 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : A Practical Manual of, containing full information on the 
Processes of House-Painting, the Formation of Letters and Practice of 
Sign-Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for House-Painters, Writers, &c., &c. With 9^ Coloured Plates of 
Woods and Marbles, and nearly 150 Wood Engravings. By Ellis A. 
Davidson. Third Edition, carefully revised. 5s. clotn limp; 6s. cloth 
boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : Grener^l Principles ; Arch Drawing, Cutting, and Setting ; 
Pointing; Paving, Tiling, Materials; Slating and Plastering; Practica 
Geometry, Mensuration, &c. By Adam Hammond. Illustratea. zs. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of 
the Plumber. With Chapters upon House Drainage, embodying the latest 
Improvements. Second Edition^ enlarged. Containing 300 Illustrations. 
By W. P. Buchan, Sanitary Engineer. 3s. 6d.t 

The t indicates thctt these vols, may be had strongly bound at 6d, extra. 
7, STATIONERS' HALL COURT, LUDGfLT^i 13L\\3u^ ^.^* 
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Architecture, Building, etc., continued, 
192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 
and BUILDER'S STANDARD GUIDE ; comprisingr copious and valu- 
able Memoranda for the Retailer and Builder. By Richard £. Grandt. 
Second Edition, Revised, xs.% 

205. THE ART OF LETTER PAINTING MADE EASY. By 

J. G. Badbnoch. Illustrated with 12 fiill-pag^e Engravings of Examples, xs. 

206. A BOOK ON BUILDING, Civil and Ecclesiastical^ including 

Church Rbstoration. With the Theory of Domes and the Great Pyramid, 
and Dimensions of many Churches and other Great Buildings. By Sir 
Edmund Bkckbtt, Bart.. LL.D., Q.C., F.R.A.S., Chancellor and \^cai* 
General of York. Second Edition, enlarged, 4s. 6d.t \,Juit published. 



CIVIL ENGINEERING, ETC- 

13. CIVIL ENGINEERING, the Rudiments of. By Henry 
Law, C.E., and Georgb R. Burnbll, C.E. New Edition, much enlarged 
and thoroughly revised by D. Kinnear Clark, C.E. . {Nearly readv. 

29. THE DRAINAGE OF DISTRICTS AND LANDS. By G. 

Drysdalb Dempsby, C.E. {New Edition in ^efiaruttan, 

30. THE DRAINAGE OF TOWNS AND BUILDINGS. By 

G. Drysdalb Dbmpsby, C.E. New Edition. Illustrated. 2s. 6d. 

31. WELL-DIGGING, BORING, AND PUMP-WORK. By John 

George Swindell, A.R.I.B. A. New Edition, by G. R. Burnbll, C.E. X8^6d. 

35. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir John Burgoynb, Bart., K.C.B. Illustrate, xs. 6d. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 
structions on the Science of. By Sir M. Stephenson, C.E. New Edition, 
by Edward Nugent, C.E. With Statistics of the Capital, Dividends, and 
Working of Railways in the United Kingdom. By E. D. Chattaway. 4s. 
8o*. EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means of Profitable Emplojrment for Capital. With Examples 
and Particulars of actual Embankments, and also Practical Remarks on the 
Repair of old Sea Walls. By John Wiggins, F.G.S. .New Edition. 2s. 

81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water ; and Details of Enepnes and Pumping Machinery 
for raising Water. By Samuel Hughes, F.G.S., C.E. New Edition. As,t 

117. SUBTERRANEOUS SURVEYING, an Elementary and Prac 

tical Treatise on. By Thomas Fenwick. Also the Method of Conducting 
Subterraneous Surveys without the Use of the Magnetic Nc«dle, and other 
Modem Improvements. By Thomas Baker, C.E. Illustrated, ss. 6d.± 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 

of. By Davtd Stevenson, F.R.S.E., &c. Plates and Diagrams, is. 

197. ROADS AND STREETS {THE CONSTRUCTION OF), 
in two Parts : I. The Art of Constructing Common Roads, by Hbnry 
Law, C.E., revised and condensed by D. Kinnear Clark, C.E. ; II. Recent 
Practice, including pavements of Stone, Wood, and Asphalte. Second 
Edition, revised, by D. K. Clark, M.I.C.E. 4s. 6d.t 

203. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. Comprising: — x. Some of the more Common Forms oi 
Nuisance and their Remedies ; 2. Drainage ; 3. Water Supply. A useful 
book for Members of Local Boards and Rural Sanitary Authorities, Health 
Officers, Engineers, Surveyors, &c. By Charles Slagg, A.I.C.E. as. 6d.t 

212. THE CONSTRUCTION OF GAS- WORKS, and the Manu- 

facture and Distribution of Coal Gas. Originally written by Samuel 
Hughes, C.E. Sixth Edition, re-written and much Enlarged by William 
Richards, C.E. With 72 Illustrations. 4s. 6d.t [Just published, 

213. PIONEER ENGINEERING. A Treatise on the Engineering 

Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, ^Assoc. Inst C.E., Author of " The Art of 
Building," &c. 4s. 6d.t [Just published. 

The X indicates that these vols, may be had strongly bound, at 6d. extra. 
LONDON : CROSBY LOCKWOOli k^Ii CO«. 
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MECHANICAL ENGINEERING, ETC. 

33. CRANES, the Construction of, and other Machinery for Raising 

Heavy Bodies for the Erection of Buildings, and for Hoisting Goods. By 
TosEPH Glynn, F.R.S., &c. Illustrated, is. 6d. 

34. THE STEAM ENGINE, a Rudimentaiy Treatise on. By Dr. 

Lardnbr. Illustrated, is. 6d. 
59. STEAM BOILERS: their Construction and Management. By 

R. Armstrong, C.E. Illustrated, is. 6d. 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 

on. By Sir Edmund Bbckbtt (late Edmund Bbckbtt Dbnison), LL.D., Q.C. 

A New, Revised, and considerably Enlarged Edition (the 6th), with very 

numerous Illustrations. 4s. 6d. cloth limp ; 5s. 6d. cloth boards, gilt. 
82. THE POWER OF WATER, as appUed to drive Flour Mills, 

and to give motion to Turbines and other Hydrostatic Engines. By Joseph 

Glynn, F.R.S^ &c. New Edition, Illustrated. 2s.t 
98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. By T. Bakbr, C.E. With Remarks on Tools and Machinery, by 

J. Nasmyth, C.E. Plates. 2s. 6d.t 
114. MACHINERY, Elementary Principles of, in its Construction and 

Working. By C. D. Abbl, C.E. is. 6d. 
139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 

of, with Rules and Examples for Practical Men. By T. Bakbr, C.E. is. 6d. 
162. THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern-Making, Moulding, Tuminflr. Filing, Burnishing, 

Bronzing, "ftc. With copious Receipts, numerous TaBles, and Notes on Prime 

Costs and Estimates. By Waltbr Graham. Illustrated. 2s.t 

164. MODERN WORKSHOP PRACTICE, as appUed to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, 
Bridges, Cranes, Ship-building, 8cc., &c. By T. G. Winton. Illustrated, js.t 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. Armour, C.E. 2s. 6d.t 

166. POWER IN MOTION: Horse-Power, Toothed- Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, 2s.6d.i 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 

WORKS. By Francis Campin, C.E. 2s. 6d.t 
171. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By John Maxton, Engineer. Fourth Edition. Illustrated 

with 7 Plates and nearly 350 Woodcuts. 3s. 6A.t 
190. STEAM AND THE STEAM ENGINE, Stationaiy and 

Portable. Being an extension of Mr. John Sewell's " Treatise on Steam." 

By D. K. Clark, M.I.C.E. Second Edition, revised. 3s. 6d.t 

200. FUEL, its Combustion and Economy. By C. W. Williams, 

A.I.C.E. With extensive additions on Recent Practice in the Combustion 
and Economy of Fuel— Coal, Coke, Wood, Peat, Petroleum, &c. — ^by D. K. 
Clark, M.I.C.E. 2nd Edition. 3s.6d.t [Just published. 

202. LOCOMOTIVE ENGINES, By G. D. Dempsey, C.E. ; with 
large additions treating of the Modem Locomotive, by D. Kinnear Clark, 
M.I.C.E. 3s.t 

211. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 
plating, and Calculating Boiler and Tank Work, with Rules for the 
Evaporative Power and the Horse Power of Steam Boilers, and the Propor- 
tions of Safety- Valves ; and useful Tables of Rivet Joints, of Circles, 
Weights of Metals, &c. By John Courtney, Practical Boiler Maker. 
Edited by D. K. Clark, C.E. 100 Illustrations. 2s. [Just published. 

216. MATERIALS AND CONSTRUCTION; A Theoretical and 

Practical Treatise on the Strains,. Designing, and Erection of Works of Con- 
struction. By Francis Campin, CE., Author of " Mechanical Engineering," 
8cc., &c. 3S.t [Just published. 

217. SEWING MACHINERY, being a Practical Manual of the 

Sewing Machine ; comprising its History and Details of its Construction, 
with full Technical Directions for the Adjusting of Sewing Machines. By 
T. W. Urquhart, C.E., Author of " Electro-Plating," &c^ with numerous 
Illustrations. 2S.t [Just ^ud^isfced. 



The X indicates thai these vols, may he had %ironzly bound at ^>d. extra.. 
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SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NAVAL ARCHITECTURE, the Rudiments of; or an Exposi- 
tion of the Elementary Principles of the Science, and their Practical Appli* 
cation to Naval Construction. Compiled for uie Use of Beginners. £5 

JAMBS Fbakb, School of Naval Architecture, H.M. Dodgrard, PortsmonA. 
ourth Edition, corrected, with Plates and Diagrams. 3s* 6d.t: 

53». SHIPS FOR OCEAN AND RIVER SERVICE, Elementaiy 

and Practical Principles of the Construction of. By Hakon A. Sommbr* 

FBLDT, Surveyor of the Royal Norwegian Navy. Witti an Appendix. is.6d. 

53«*. AN ATLAS OF ENGRA VINGS to Dlnstrate the above. Twelye 

large folding plates. Royal 4to, cloth. 7s. 6d. 

54. MASTING, MASTMAKING, AND RIGGING OF SHIPS, 

Rudimentanr Treatise on. Also Tables of Spars, Rigging, Blocks j Chain, 
Wire, and Hemp Ropes, 8ccy relative to evenr class of vessels. With an 
Appendix of Dimensions of Masts and Yards of the Royal Navy. By Robbxt 
Kjppino, N.A. Fourteenth Edition. Dlustrated. 2s.t 
54*. IRON SHIP-BUILDING, With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders.^ By John Grantham, Coo* 
suiting Engineer and Naval Architect. 5th Edition, with Additions. 4s. 
54**. AN ATLAS OF FORTY PLATES to Dlustrate the abo^e. 
Fifth Edition. Including the latest Examples, such as H.M. Steam Friiratei 
" Warrior," " Hercules,^* " Bellerophon ; " H.M. Troop Ship •« Serapis," 
Iron Floating Dock, &c., &c. 4to. boards. 38s. 

55. THE SAILOR* S SEA BOOK: a Rudunentaiy Treatise on 

Navigation. Part I. How to Keep the Log and Work it off. Part 11. On 
Finding the Latitude and Longitude. By Jambs Grbxnwood. ^J%^ To 
which are added, the Deviation and Error of the Compass ; Great Circle 
Sailing ; the International (Commercial) Code of Signus ; the Rule of the 
Road at Sea ; Rocket and Mortar Apparatus for Saving Life ; the Law tA 
Storms ; and a Brief Dictionary of Sea Terms. With numerous Woodcuts 
and Coloured Plates of Flags. New, thoroughly revised and much enlarged 
edition. By W. H. Rossbr. 2s. 6d.t VJust iubliskeSL 

80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 
on. Tog^ether with Practical Remarks on the Screw and Propelling Power, 
as used in the Royal and Merchant Navy. By Robbrt Murray, CE^ 
Engineer- Surveyor to the Board of Trade. With a Glossary of Technical 
Terms, and their Equivalents in French, German, and Spanish. Seventh 
Edition, revised and enlarged. Illustrated, js.t 

83&1J. THE FORMS OF SHIPS AND BOATS: Hints, Experiment. 

ally Derived, on some of the Principles regulating Ship-building. By W. 

Bland. Seventh Edition, revised,with numerous Illustrations and Models.xs.6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 

and Practice. With Attempts to facilitate the Finding of the Time and the 

Longitude at Sea. By J. K.. Youno, formerly Professor of Mathematics in 

Belmst College. Illustrated. 2s. 6d. 
100*. TABLES intended to facilitate the Operations of Navigation and 

Nautical Astronomy, as an Accompaniment to the above Book. By J. R. 

YouNoi IS. 6d. 
106. SHIPS* ANCHORS, a Treatise on. By G. CoTSELL, N.A. is. 6d. 
149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 

With Draughting, and the Centre of Effort of the Sails. Also, Weights 

and Sizes of Ropes : Masting, Rigging, and Sails of Steam Vessels, &c., &c. 

Eleventh Edition, enlarged, with an Appendix. By Robbrt Kipping, N JL, 

Sailmaker. Quayside, Newcastle. Illustrated. 2s. 6d.t 
ICC. THE ENGINEER'S GUIDE TO THE ROYAL AND 

MERCANTILE NAVIES. By a Practical Enginbbr. Revised by D. 

F. McCarthy, late of the Ordnance Survey Office, Southampton, is. 

55 PRACTICAL NAVIGATION. Consisting of The Sailor's 

^ Sea-Book. By James Grbenwood and W. H. Rossbr. Together with 

9^ . the requisite Mathematical and Nautical Tables for the Working of die 

204* Problems. By Henry Law, C.E., and J. R. Young, formeriv Professor of 

Mathematics m Belfast College. Illustrated with numerous Wood Engrav* 

ings and Coloured Plates. 7s. Strongly half- bound in leather. 

TJk^ t indicates thai these vols* may be had strongly bound at 6d, extra, 
LONDON : CROSBV l-OCTKWOOIi MMi Cfi*^ 
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PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTR F, for the Use of Beginners. By Professor George 

FowNBS, F.R.S. With an Appendix on the Application of Chemistry to 
Agriculture, is. 

2. NATURAL PHILOSOPHY, Introduction to the Study of; for 

the Use of Beginners. By C. Tomlinson, Lecturer on Natural Science in 
King's College School, London. Woodcuts, is. 6d. 
4. MINERALOGY^ Rudiments of; a concise View of the Properties 
of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates. 3s4 

6. MECHANICS, Rudimentary Treatise on; being a concise Ex- 

position of the Greneral Principles of Mechanical Science^ and their Applica- 
tions. By Charles Tomunson. Illustrated, is. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With Additions by R. Sabinb, C.E., F.SA. is. 6d. 
7*. GALVANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, with considerable Additions by Kobbrt Sabine, C.E., F.S. A. is. 6d. 

8. MAGNETISM; being a concise Exposition of the General Prin- 

ciples of Ma^^netical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M. 
NoAD, Ph.D., Vice-President of the Chemical Society, Author of "A 
Manual of Electricity," &c., 8cc. With 165 Woodcuts. 3s. 6d.t 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. ByR. Sabinb, C.E., F.S.A. 38. 

12. PNEUMATICS, for the tfse of Beginners. By Charles 

Tomlinson. Illustrated, is. 6d. 
72. MANUAL OF THE MOLLUSC A ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 
Appendix by Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 
Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. 
1^*^ , PHOTOGRAPHY, Popular Treatise on; with a Description of 
the Stereoscope, &c. Translated from the French of D. Van Monckhovbn, 
by W. H. Thornthwaite, Ph.D. Woodcuts, is. 6d. 

96. ASTRONOMY, By the Rev. R. Main, M.A., F.R.S., &c. 

New Edition, with an Appendix on ''Spectrum Analysis." Woodcuts, is. 6d. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. is. 6d. 
138. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 
Telegraph Clerks' Remembrancer, and Guide X» Candidates for Employ- 
ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and 
enlarged : to which Is appended, QUESTIONS on MAGNETISM, ELEC- 
TRICITY, and PRACTICAL 'raLEGRAPHY, for the Use of Students, 
by W. McGregor, First Assistant Supnt, Indian Gov. Telegraphs. 3s.t 

143. EXPERIMENTAL ESSAYS, By Charles Tomlinson. 

I. On the Motions of Camphor on Water. 11. On the Motion of Camphor 
towards the Light. III. History of the Modem ITieory of Dew. Woodcuts, is. 

173. PHYSICAL GEOLOGY, pardy based on Major-General Port- 

lock's "Rudiments of Geology." By Ralph Tatb,A.L.S.,&c. Woodcuts, as. 

174. HISTORICAL GEOLOGY, parUy based on Major-General 

Portlock's ** Rudiments." By Ralph Tate, A.L.S., &c. Woodcuts. 2s. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-General Portlock's "Rudiments c^ 

174. Geology." By Ralph Tate, A.L.S., F.G.S., &c. In One Volume. 4s. 6d.t 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

& formerly Professor of Natural Philosophy and Astronomy in University 

l8d. College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards. 

^' %* Sold also in Two Parts, as follows : — 

283. Animal Physics. By Dr. Lardnbr. Part I., Chapters I.— VIT. 4s. 
184. Animal Physics. By Dr. Lardnbr. Part II., Chapters VIII.— XVIII, 31. 



$4. ANIMAL J^HYSics. uy ur. JLARDNBR. rarc 11., ^napters vxxx. — ^a.viix. 3s. 
i^ The t indicates that these vols, may be had s<rongty bound at ^>a,« extro.. i 

7, stationers' hall COUICI, lOT>OKt^ 'SXV^^ ^"^^ 



8 W£AL£*S RUDIMENTARY SERIES. 



MINING, METALLURGY, ETC. 

117. SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle. By Thomas Fbnwick, 
Surveyor of Mines, and Thomas Baker, C.E. Illustrated, ss. 6d.t 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys. 
By Robert H. Lamborn, Ph.D. Woodcuts. 2s. 6d.1: 

134. METALLURGY OF SILVER AND LEAD. A Description 

of the Ores ; their Assay and Treatment, and valuable Constituents. By Dr. 
R. H. Lamborn. Woodcuts. 2s. 6d4 

135. ELECTRO-METALLURGY; PracticaUy Tl-eated. By Alex- 

ander Watt, F.R.S.S.A. 7th Edition, revised, with important additicms, 
including the Electro-Deposition of Nickel, &c. Woodcuts. 3s.t 

172. MINING TOOLS, Manual of. For the Use of Mine Manageis, 
Agents, Students, &c. By William Morgans. 2s. 6d.t 
172*. MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing 235 Illustrations, drawn to Scale. 4to. 4s. 6d. ; cloth boards, 68. 

176. METALLURGY OF IRON Containmg History of Iron Manu- 
facture, Methods of Assay, and Analjrses of Iron Ores, IVocesses of Manu- 
facture of Iron and Steel, &c. By H. Baubrman, F.G.S. 4th Edition. 48. 6d4 

180. COAL AND COAL MINING, A Rudimentary Treatise on. 

By Warington W. Smyth, M.A., F.R.S. Fifth Edition, revised and 
enlarged. With numerous Illustrations. 3s. 6d.t \jusi Published, 

195. THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Principles of Laying out and Valuing Minora? 
Properties. By William Lintern, Mining and Civil Engineer. 3s. 6d.t 

214. A TREATISE ON SLATE AND SLATE QUARRYING, 

Scientific, Practical, and Commercial. By D. C. Davibs, F.G.S., Mining 
Engineer, &c. With numerous Illustrations and Folding Plates* 3s.t 

215. THE GOLDSMITHS HANDBOOK, contammg full Instruc- 

tions for the Alloying and Working of Gold, including the Art of Allojring. 
Melting, Reducing, Colouring, - Collecting, and Refining; Chemical and 
Physical Properties of Gold: with a New System of Mixing its Alloys; 
Solders, Enamels, &c. Bv Georgb E. Gee, Groldsmifh and Silversmith. 
Second Edition, considerably enlarged. 3S4 {.Just Published. 

220. THE SILVERSMITHS HANDBOOK, containing fuU In- 
sb-uctions for the Alloying and Working of Silver. By George E. Gbb. 3s.t 

219. MAGNETIC SURVEYING, AND ANGULAR SURVEY- 
ING, with Records of the Peculiarities of Needle Disturbances. Compiled 
from the Results of carefully made Experiments. By Wiluam Lintern, 
Mining and Civil Engineer and Surveyor. 2s. \Jusi published, 

FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
'Students and Amateurs in Architecture, Painting, &c. By Georgb Pyne. 2s. 
40 GLASS STAINING; or, The Art of Pamting on Glass. From 
& the German of Dr. Gbssbrt. With an Appendix on The Art op Enamel- 
^j LING, 8cc. ; together with Thb Art op Painting on Glass. From the 
^ ' . German of Emanuel Otto Fromberg. In One Volume. 2s. 6d. 
69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charlbs Child Spencer. 2s. 6d. 
71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons. From the Best Masters, by Charles Child Spencbr. ss 61. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 

Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic. Miniatur^ 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, 8cc. With Historical 
Sketches of the Progress of the Art by Thomas John Gullick, assisted by 
TouN Timbs, F.S.A. Fourth Edition, revised and enlarged. 5s.t 
186. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By £llis A. 
Davidson. With two new Coloured Diagrams, &c. 3s4 

TAe t indicates that these vols, may be had strongty hound at 6d. extra* 
LONDON : CROSBY LOC¥WOOT> K&1> CO,^ 
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AGRICULTURE, GARDENING, ETC. 

29. THE DRAINAGE OF DISTRICTS AND LANDS, By 

G. Drysdalb Dkmpsby, C.E. {New Edition in preparation. 

66. CLAY LANDS AND LOAMY SOILS. By Professor 

Donaldson, is. 
131. MILLER'S, MERCHANTS, AND FARMER'S READY 
RECKONER, for ascertaining at sight the value of any quantihr of Com, 
from One Bushel to One Hundred Quarters, at any given price, from jf z to 
:^ per Qr. With approximate values of Millstones, Millwork, 8tc. zs. 

140. SOILS, MANURES, AND CROPS, (Vol. I. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 

141. FARMING &* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2. Outunbs of Modern Farming.) By R. Scott Burn. ^s. 

142. STOCK; CATTLE, SHEEP, AND HORSES, (Vol. 3. 

Outunbs of Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 

145. DAIRY, PIGS, AND POULTRY^ Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outunbs 
OF Modern Farming.) Woodcuts. 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. c. Outunbs of Modern 
Farming.) By R. Scott Burn. Woodcuts. 2s. od. 
*<,* Nos. Z40-Z-2-5-6, in One Vol., handsomely half-bound, entitled "Outunbs of 
Modern Farming." By Robert Scott Burn. Price Z28. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Brbuil. Revised by Geo. Glenny. 187 Woodcuts. 3s. 6d.t 

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spoonbr, M.R.V.C, &c. Fourth Edition, 
considerably enlarged; with numerous fine eng^vings, including some 
specimens of New and Improved Breeds. 366 pp. 3s. 6d.t 

201. KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every known 
Vegetable and Herb, with cultural directions for the management of them all 
the year round. By GborgbM.F.Glf.nny, Author of "Floriculture,"&c. zs.6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organic 
zation of Farm Labour: Treating of the General Work of the Farm ; Field 
and Live Stock ; Details of Contract Work ; Specialities of Labour ; Econo- 
mical Management of the Farmhouse and Cottage, and their Domestic 
Animals. By Robert Scott Burn. 2s. 6d.i: \ Just published. 

308. OUTLINES OF LANDED ESTATES MANAGEMENT: 
Treating of the Varieties of Lands on the Estate ; Peculiarities of its Farms ; 
Methods of Farming ; the Setting-out of Farms and their Fields ; the Con- 
struction of Roads, Fences, Gates, and the various Farm Buildings ; the 
several Classes of Waste or Unproductive Lands ; Irrigation ; Drainage, 
Plantation, &c. By R; ScoiT Burn. 2s. 6d.t [Just published. 

%• Nos. 207 6- 208 in One Vol., handsomely half -bound, entitled " Outunes of 
Landed Estates and Farm Management. By R. Scott Burn. Price 6s, 
209. THE TREE PLANTER AND PLANT PROPAGATOR : 
Being a Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, Pot-Herbs, &c. ; with numerous Illus- 




210. THE TREE PRUNER : Being 

Pruning of Fruit Trees, including also their Training and Renovation, with 
the Best Method of bringing Old and Worn -out Trees into a State of 
Bearing ; also treating of the Pruning of Shrubs, Climbers and Flowering 
Plants. By Samuel Wood. 2s.t \Just published. 

%• Nos. 209 (D* 210 in One Vol.., handsomelv half-bound, entitled** The Treb 
Planter, Propagator and Pruner.'^ By Samuel Wood. Price $s. 
219. THE HA Y AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c., 
being a complete Calculator and Ready-Reckoner, especially adapted to 
persons connected with Agriculture. Third Edition. By John Steele. 2s. 

[Just Published. 

The % indicates that these vols, may be had stro ngly bound at ^. exiva. 
7, stationers' HALL COT3RT, "LV^liOKt^ ^a»A., ^*'^* 
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ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 
32. MATHEMATICAL INSTRUMENTS, alVeatiseon; in which 

their Construction and the Methods of Testing, Adjnstine, and Usine them 
are conciselv Explained. By J. F. Hbathbr, M.A.. of ^e Rojral Militaxy 
Academy, Woolwich. Original Edition, in x vol., Ulnstrated. xs. 6d. 

'«* In ordering the above^ be careful to say^ " Original Edition ** (No. 32), iff dittut- 
guisk it from the Enlarged Edition in 3 vols, (Not, 168-9-70.) 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 

with all the Modem Tmprovements. Arranged for the Use of Schools and 
Private Students ; also tor Practical Land Surveyors and Engineers. By 
T. Bakbr, C.E. New Edition, revised by Edward Nugbnt, C.£. Ulns- 
trated with Plates and Diagrams. 2S.t 

61*. READY RECKONER FOR THE ADMEASUREMENT OF 
LAND. By Abraham Arman, Schoolmaster, Thurleigh, Beds. To which 
is added a Table, showing the Price of Work, from 2s. 6d. tO;^x per acre, and 
Tables for the Valuation of Land, from xs. to j^z,ooo per acre, and from one 
pole to two thousand acres in extent, &c., &c. is. 6d. 

76. DESCRIPTIVE GEOMETRY, an Elementaiy Tteatise on; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. MoNGB. To which is added, a description of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an introduction to the 
Application of Descriptive Geometry to various branches of the Arts. By 
J. F. Heather, M.A. Illustrated with X4 Plates, as. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 2x5 Woodcuts. 2s. 

179. PROJECTION : Orthographic, Topographic, and Perspective: 

giving the various Modes of Delineating Solid Forms by Constructions on a 
Single Plane Surface. By J. F. Heather, M JV.. [In freparatunu 

*^* The above three volumes will form a Complete Elbmbntary Coursb om 

Mathematical Drawing. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. By Tames Haddon, 
M.A., Arithmetical Master of King's College School, Londfon. xs. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. For 
the Use of Schools and for Self- Instruction. Bj J. R. Young, late Professor 
of Mathematics in Belfast College. New Edition, with Index, xs. 6d. 

84*^. A Key to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J. R. Young, xs. 6d« 

85. EQUA TIONAL ARITHMETIC, appUed to Questions of Interest, 
8 c:*. Annuities, Life Assurance, and General Commerce ; with various Tables by 

which aJl Calculations may be greatly facilitated. By W. Hifsbey. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

Second Mathematical Master of King's College School. With Appendix, 
containing miscellaneous Investigations, and a Collection of Problems in 
various parts of Algebra. 2s. 
86*. A Key and Companion to the above Book, forming an extensive rraositoxy of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Self-Instruc- 
tion. By J. R. Young, is. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 
80 and Explanatory Notes : to which is prefixed, an Introductory Essay on 
^' Logic. By Henry Law, C.E. as. 6d.* 

•«• Sold also separately t viz. :•— 

88. Euclid, The First Three Books. By Henry Law, C.E. xs. 6d. 

89. EucuD, Books 4, 5, 6, xi, xa. By Henry Law, C.E. xs. 6d. 



TAe t indicates that these vols, may be had strongly bound at 6d. exim. 
LONDON : CROSBY LOCKWOOO K81> CC>«> 
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Arithmetic, Geometry, Mathematics, etc., continued, 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

a Rudimentary Treatise on. By Jambs Hann, late Mathematical Master of 
King's College School, London. A New £dition, re- written and enlarged 
by J. R. Young, formerly Professor of Mathematics at Belfast College, as.t 

91. PLANE TRIGONOMETRY, the Elements pf. By James 

Hann, formerly Mathematical Master of King's College, London, is. 6d. 

92. SPHERICAL TRIGONOMETR F, the Elements of. By James 

Hann. Revised by Charles H. Dowlino, C.E. is. 
%• Or with " The Elemenis of Plane Trigonomeiry," in One Volume, zs. 6d. 

93. MENSURATION AND MEASURING, for Students and Prac- 

tical Use. With the Mensuration and Levelling of Land for the Purposes ot 
Modem Engineering. By T. Baker, C.E. New Edition, with Corrections 
and Additions by £. Nugent, C.E. Illustrated, xs. 6d. 

loi*. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. Entirely New Edition, revised and considerably enlarged. By 
W. S. B. WooLHOUSE, F.R.A.S. [/« the Press. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

HoMBRSHAM Cox, B.A. Illustrated, is. 

103. INTEGRAL CALCULUS, Examples on the. By JAMES HANN, 

late of King's College, London. Illustrated, is. 
loi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

WooLHOUSB, F.R.A.S« &c. xs. 6d. 
10$. MNEMONICAL LESSONS, -^Geouetky, Algebra, and 

Trigonometry, in Easy Mnemonical Lessons. By the Rev. Thomas 

Penyngton Kirkman, M.A. is. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. By James Haddon, M.A. Revised by Abraham Arman. 
xs. 6d. 

137. A Key to Haddon*s Rudimentary Arithmetic. By A. Arman. is. 6d. 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 

ing— I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather^ M.A^ late of the Royal 
Military Academy. Woolwich, Author of " Descriptive Geometryi" &c., &c. 
Illustrated, is. 6d. 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 

scopes. Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Heather, M.A. Illustrated, is. od. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining fhe Greometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By J. F. Heather, M.A. Illustrated, is. 6d. 
%* The above three volumes form an enlargement of the Aut hot's original work. 
** Mathematical Instruments: their Construction, Adjustment, Testing, and Use, 
the Thirteenth Edition of which is on sale, price \s, 6d. i^See No. 32 in the Series.) 

T^.\ MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

X69. r M.A. Enlarged Edition, for the most part entirely re-wntten. The 3 Parts as 
r^o.J above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charlbs Hoare, C.E. With a 
Slide Rule in tuck of cover. 2s. 6a.t 

185. THE COMPLETE MEASURER; setting forth the Measure- 
ment of Boards, Glass, &c., &c.; Unequal-sided, Square-sided, Octagonal - 
sided^ Round Timber and Stone, and Standing Timber. WiUi a Table 
showing the solidity of hewn or eight-sided timber, or of any octagonal- 
sided column. Compiled for Timber-growers, Merchants, and Surveyors, 
Stonemasons, Architects, and others. By Richard Horton. Third 
Edition, with valuable additions. 4s. ; strongly bound in leather, 5s. 

„ f ■ 

The X indicates that these vols . may be had strongly bound a< ^. fcxiTo~ 
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Arithmetic, Geometry, Mathematics, etc., continued. 

196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By FUdor Tboican, of the Soci£t6 Cr6dit 
Mobilier, Paris. 4s4 

199. INTUITIVE CALCULATIONS; or, Easy and Compendious 
Methods of Performing the various Ajrithmetical Operations required in 
Commercial and Business Transactions ; together with Full Explanations of 
Decimals and Duodecimals, several Useful Tables, and an Examination and 
Discussion of the best Schemes for a Decimal Coinage. By Daniel 
O'GoRMAN. Twenty-fifth Edition, corrected and enlarged by J. R. Young, 
formerly Professor of Mathematics in Belfast College. 3s.^ 

204. MATHEMATICAL T-^^Z^^, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Henry Law, C.E Together with a Series of Tables for Navigation 
and Nautical Astronomy. By J. R. Young, formerly Professor of Mathe- 
matics in Belfast College. New Edition. 3s. 6d.t 



MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING. METALLURGY, ARCHM- 
OLOGY, the FINE ARTS, (oh:. ByJoHNWBALB. Fifth Edition. Revised 
by Robert Hunt, F.R.S., Keeper of Mining Records. Numerous Illns- 
trations. 5s. cloth limp ; 6s. cloth boards. 

50. THE LAW OF CONTRACTS FOR WORKS AND SER. 
VICES. By David Gibbons. Third Edition, enlarged, js.t 

112. MANUAL OF DOMESTIC MEDICINE. By R. Gooding, 
B.A., M.D. Intended as a Family Guide in all Cases of Accident and 

]R* niftrflffiTl C V 2S i 

112*. MANAGEMENT OF HEALTH A Manual of Home and 
Personal Hygiene. By the Rev. Jambs Baird, B.A. is. 
150. LOGICi Pure and Applied. By S. H. Emmens. is. 6d. 

152. PRACTICAL HINTS FOR INVESTING MONEY. MTith 

an Explanation of the Mode of Transacting Business on the Stock Exchange. 
By Francis Playford, Sworn Broker, is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmbns. 2s. 

154. GENERAL HINTS TO EMIGRANTS. Containing Notices 

of the various Fields for Emigration. With Hints on Preparation for 
Emigrating, Outfits, &c., &c. With Directions and Recipes usefhl to the 
Emigrant. With a Map of the World. 2s. 

157. THE EMIGRANTS GUIDE TO NATAL. By Robert 

James Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to 
the present Date. Map. 2S. 

193. HANDBOOK OF FIELD FORTIFICATION, intended for the 

Guidance of Officers Preparing for Promotion, and especially adapted to the 
requirements of Beginners. By Major W. W. KNOLLYS, JF.R.G.S., 93rd 
Sutherland Highlanders, &c. With 163 Woodcuts. 3s.t 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work. Dairy 
Management, the Table and Dessert, Cellarage of Wines, Home-brewing 
and Wine-making, the Boudoir and Dressing-room, Travelling, Stable 
Economy, Gardening Operations, &c. By An Old Housbkbepbr. 3s. 6d.t 

194. HOUSE BOOK (The). Comprising :— I. The House Manager. 
112. By an Old Housbkbepbr. II. Domestic Medicine. By Ralph Goodino, 

o^ ' M.D. III. Management of Health. By Jambs Baird. In One Vol., 

^ ^ strongly half -bound. 6s. 
112*. 
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EDUCATIONAL AN D CLASS ICAL SERIES. 

HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Origin and Progress of the English Constitution. By 
William Douglas Hamilton, F.S.A., of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton, 
of University College, London, and Edward Lbvibn, M.A., of iBalliol 
College, Oxford. 2s. 6d. ; cloth boards, 3s. 6d. 

7. Roncie, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Levien, of Balliol College, Oxford. Map, 2s. 6d. ; cl.bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation oi the World to the Conclusion of the Franco-German War. 
The Continuation by W. D. Hamilton, F,S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public-and Private Examinations. By the Rev. E. Rand. is. 

ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Granamar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarke, D.C.L. Fourth Edition, is. 6d. 
II*. Philology : Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongfues. By Hyde Clarke, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hyde Clarke, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., ^s.6d. 

48. Conciposition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
X7th Edition, zs. 6d. 

49. Derivative Spelling-Book : Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Si>anish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. Rowbotham, F.R.A.S. Improved Edition, is. 6d. 

51. The Art of Extempore Speaking : Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar- General and Professor at the 
Sorbonne. Translated from the French. 7th Edition, carefully corrected. 2s. 6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Cornwall and Devon, is. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. is. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Brief Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and George E. Webster, as. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant, 
Rector of Hitcham, and Honorary Canon of Ely ; formerly H.M. Inspector 
of Schools. 

Introductory Primer, zd. 



1. </. 

Fourth Standard . • . x 2 
Fifth „ , . . x 6 

Sixth „ , . . i 6 

Lessons FROM THE Bible. Parti. Old Testament, is. 
Lessons from the Bible. Part II. New Testament^ to which is added 
The Geography of the Bible, for very young Children. By Rev. Q, 
Thornton Forster. is. 2d. %* Or the Two Parts in One Volume. ^».« 



s. d. 

First Standard . .06 
Second „ ..0x0 

Third „ . .10 
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FRENCH. 

24. French Grammar. With Complete and Condse Rules on the 

Genders of French Nouns. By G. L. Strauss, Pb.D. is. 6d. 

25. French-English Dictionary. Comprising a large number of 

New Terms used in Engineering, Mining, &c. By Alfrbd Elwbs. is. 6d. 

26. English-French Dictionary. By Alfred Elwks. 2s. 
25,26. French Dictionary (as above). Complete, in OneVoL, 3s.; 

cloth boards, 3s. 6d. *»* Or with the Grammar, cloth boards, 4s. 6d. 

47. French and English Phrase Book ; containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Words, a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, zs. 6d. 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, zs. 

40. German Reader : A Series of Extracts, carefully culled from the 

most approved Authors of Germany ; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 

41. German Triglot Dictionary. By Nicholas Esterhazt 

S. a. Hamilton. Part I. English-German-French, is. 

42. Gemtian Triglot Dictionary. Part II. German-French- 
English. IS. 

43. German Triglot Dictionary. Part m. French-German- 

English. IS. 

41-43. German Triglot Dictionary (as above), in One VoL, 38. ; 

cloth boards, 4s. *•* Or with the German Grammar, cloth boards, 5s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwbs. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfrkd Elwbs. 
Vol. I. Italian -English-French. 2s. 6d. 

30. Italian Triglot Dictionary. By A. Elwes. VoL 2. 

English-French-Italian. 2s. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. VoL 3. 

French-Italian-English. 2s. 6d. 

28,30, Italian Triglot Dictionary (as above). In One VoL, jb. 6d. 

32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfrbd Elwbs. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, tec, 
with the proper Accents and the Gender of every Noun. By Alfrbd Elwbs. 
4S. ; cloth boards, 5s. \* Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Ai.frbd Elwbs. is. 6d. 

56. Portuguese-English and English-Portuguese Dic- 

tionary, with the Genders of each Noun. By Alfred Elwbs. 

HEBREW. 

46*. Hebrew Grammar By Dr. Bresslau. is. 6d. 

44. Hebrew and English Dictionary, Biblical and Rabbinical; 

containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Bresslau. 6s. V Or with the Grammar, 7»« 

46. EngUsh and Hebrew Dictionary. By Dr. Bresslau. js, 
44,46. Hebrew Dictionary (as above), in Two Vols., complete, vith 
46^, the Grammar, cloth boards, x2s. 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, xs. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2S. 

22. English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. xs. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. ; 
cloth boards, 4s. 6d. %• Or with the Grammar, cloth boards, 5s. 6d. 

LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Youno. is. 

2. Caesaris Commentarii deBello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius N epos. With Notes. By H.Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Youno. is. 6d. 

5. Virgilii Maronis ^neis. With Notes, Critical and Explanatory, 

by H. Young. New Edition, revised and improved. With copious Ad<u- 
tional Notes by Rev. T. H. L. Lbary, D.C.L., torxnerly Scholar ot Brasenose 
College, Oxford. 3s. 

B» Part I. Books i.— vi., xs. 6d, 

5*» _— _ Part 2. Books vii. — xii., as. 

6. Horace; Odes, Epode, and Carmen S^eculare. Notes by H. 

Young, is. 6d. 

7. Horace; Satires, Epistles, and ArsPoetica. Notes by W. Brown- 

RiGG Smith, M.A., F.R.G.S. is. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donnb, B.A., Trin. Coll., Cam. is. 6d. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davies, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. James Davibs, M J^. 2s. 

11. Terentii Eimuchus, Comcedia. Notes, by Rev. J, Davies, M.A, 

is. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
Jambs Davibs, M.A. is. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford. 
is. 6d. 

14. Ciceronis Cato Major, Lselius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigg Smith, 
M.A., F.R.G.S. 2s. 

16. Livy : History of Rome. Notes by H. Young and W. B. Smith, 

M.A. Part i. Books i., ii., is. 6d. 

i6*. Part 2. Books iii., iv., v., is. 6d. 

17. Part 3. Books xxi., xxii., is. 6d. 

19. Latin Verse Selections, from Catullus, TibuUus, Propertius, 

and Ovid. Notes by W. B. Donnb, M.A., Trinity College, Cambridge. 2s. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Maximus Sueto- 
nius, ApiUeius, &c. Notes by W. B. Donnb, M.A. 2s. 

21. Juvenalis Satirae. With Prolegomena and Notes by T, H. S. 

EscoTT, B.A., Lecturer on Logic at King's College, London, as. 
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GREEK. 

14. Greek Grammar, in accordance with the Principles and Philo* 

logical Researches of the most eminent Scholars of our own day. By Hahi 
Claude Hamilton, is. 6d. 

15,17. Greek Lexicon. Containing all the "Words in General Use, with 

. their Significations, Inflections, and Doubtful Quantities. By Hbnrt R« 
Hamilton. Vol. z. Greek-English, 2s. 6d. ; Vol. 2. English- Greek, ii. Or 
the Two Vols, in One, 4s. 6d. ; cloth boards, 53. 

14.15. Gre^k Lexicon (as above). Complete, with the Gsammas, in 

z;. One Vol., cloth boards, 6s. 

GREEK CLASSICS. With Explanatory Notes in English. 
I. Greek Delectus. Containing Extracts from Classical Anthois, 

with Genealogical Vocabularies and Explanatory Notes, byH. YODKO. New 
Edition, with an improved and enlarged Supplementary Vocabulary by TOBX 
Hutchison, M.A., of the High School, Glasgow, zs. 6d. -" -^ j 

2, 3. Xenophon's Anabasis ; or, The Retreat of the Ten Thoosand. 
Notes and a Geographical Register, by H. Young. Part z. Books i. to iii. 
IS. Part 2. Books iv. to vii., zs. 

4. Lucian's Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Young, zs. 6a. 
5-12. Homer, The Works of. According to the Text of Barumlein. 
With Notes, Critical and Explanatory, drawn from tho best and latest 
Authorities, with Preliminary Observations and Appendices, by T. H. h, 
Lbary, M.A., D.C.L. 
The Iuad : Part z. Books i. to vi., zs.6d. Part 3. Books ziiit to zviii., zs. 6d. 
Part 2. Books vii. to xii., zs. 6d. Part 4. Books xix. to xxiv., zs. 6d. 

Part 3. Books xiii. to xviii., zs. 6d. 
Part 4. Books xix. to xxiv., and 
Hymns, 2s. 

13, Plato's Dialogues : The Apology of Socrates, the Crito, and 
the Phaedo. From the Text of C. F. Hermann. Edited with Notes, Critical 
and Explanatory, by the Rev. Jambs Da vies, M.A. as. 
14-17. Herodotus, The History of, chiefly after the Text of Gaisfokd. 
With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Leaky, M.A., D.C.L. 

Part z. Books i., ii. (The Clio and Euterpe), 2s. 

Part 2. Books iii., iv. (The Thalia and Melpomene), 2S. 

Part 3. Books v.- vii. (The Terpsichore, Erato, and Polymnia), is. 

Part 4. Bqoks viii., ix. (The Urania and Calliope) and Index, zs. 6d. 

18. Sophocles : CEdipus Tyrannus. Notes by H. Young, is. 
20. Sophocles: Antigone. From the Text of Dindorf. Notei, 

Critical and Explanatory, by the Rev. John Milner, B.A. 2s. 
23. Euripides : Hecuba and Medea. Chiefly from the Text of DiK- 

DORF. With Notes, Critical and Explanatory, by W. Brownrigq Smxtb, 

M.A., F.R.G.S. zs. 6d. 
26. Euripides : Alcestis. Chiefly from the Text of Dindorf. With 

Notes, Critical and Explanatoir, by John Milner, B.A. zs. 6d. 
30. .^schylus : Prometheus Vinctus : The Pronletheus Bound. From 

the Text of Dindorf. Edited, with English Notes, Critical and Explanatoiy, 

by the Rev. James Davibs, M.A. zs. 

32. -^schylus ; Septem Contra Thebes : The Seven against Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. James Davibs, M.A. zs. 

40. Aristophanes : Achamians. Chiefly from the Text of C. H. 

Weisb. With Notes, by C. S. T. Townshend, M.A. is. 6d. 

41. Thucydides : History of the Peloponnesian War. Notes by H. 

Young. Book z. zs. 

42. Xenophon's Panegyric on Agesilaus. Notes and Intro- 
duction by Ll. F. w. Jewitt. zs.6d. , , ^ 

43. Demosthenes. The Oration on the Crown and the Philippics. 
With English Notes. By Rev. T. H. L. Lbary, D.C.L., formerly Scholar of 
Brasenose College, Oxford, is. 6d. 
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